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RELATION OF PARTICLE SIZE OF URANIUM DIOXIDE DUST TO TOXICITY 
FOLLOWING INHALATION BY ANIMALS: II 


HERBERT B. WILSON 


GEORGE E. SYLVESTER 
ROCHESTER, N. Y. 


SIDNEY LASKIN, A.B. 
NEW YORK 


CHARLES W. LABELLE, M.S. 
MEDICAL DIVISION, ARMY MEDICAL CENTER, MD. 


JAMES K. SCOTT, M.D. 
ROCHESTER, N. Y. 
AND 
H. E. STOKINGER, Ph.D. 
CINCINNATI 


N A PRELIMINARY report,' small particles of uranium dioxide at 80 

mg./cu. m, concentration and 0.5 » mass-median diameter (MMD) were shown 
to be more toxic when inhaled by rabbits and rats than the same oxide,at the same 
concentration but in larger particle size (MMD above 1»). It was conceded, how- 
ever, that the toxicity observed in the 0.5 » MMD experiment might have been 
enhanced by the products of cumulative oxidation of the particles of UO , in the 
aspirator feed jar and by uranyl salt resulting from partial solution of these products 
at pH 4. An indication of the rate and the extent of oxidation has been obtained in 
the following manner :° 


Two 800-ml. portions of a well-mixed suspension of UO (MMD, 0.5 #) at pH 10 were placed 
in liter flasks. Through one, oxygen-free Nz was bubbled; through the other CQO,-free air. 

From the Division of Pharmacology and Toxicology, Department of Radiation Biology, 
The University of Rochester School of Medicine and Dentistry, Rochester, N. Y. 

This paper is based on work performed under contract with the United States Atomic 
Energy Commission at The University of Rochester Atomic Energy Project, Rochester, N. Y. 

(a) Wilson, H. B.; Sylvester, G. E., and Ashworth, B.: Effects of Particle Size and Purity 
on the Toxic Response of UOz by Inhalation, Unclassified Report-164, Quarterly Technical 
Report, Jan. 1-March 31, 1951. 

(b) Wilson, H. B.; Sylvester, G. E.; Laskin, S.; LaBelle, C. W.; Scott, J. K., and 
Stokinger, H. E.: The Relation of Particle Size of Uranium Dioxide Dust to Toxicity 
Following Inhalation by Animals, Unclassified Report-197, Final Report, April, 1952. 

Present addresses: Mr. Sidney Laskin, Institute of Industrial Medicine, New York 
University-Bellevue Medical Center, New York. Mr. Charles W. LaBelle, Medical Division, 
Army Chemical Center, Maryland. Dr. H. FE. Stokinger, Industrial Hygiene Field Head- 
quarters, United States Public Health Service, Cincinnati. 

1. Wilson, H. B.; Sylvester, G. E.; Laskin, S.; LaBelle, C. W., and Stokinger, H. E.: 
The Relation of Particle Size of Uranium Dioxide Dust to Toxicity Following Inhalation by 
Animals, J. Indust. Hyg. & Toxicol. 30:319, 1948 

2. The procedure was suggested by Dr. Aser Rothstein 
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At intervals a 100-ml. sample was removed from each flask, acidified with 10 ml. of concentrated 
HCl, stirred for two minutes, and allowed to settle for one hour. Aliquots were then pipetted 
from the supernatant liquid, neutralized with NaOH, and the U determined by the ferrocyanide 
method.® After 140 hours, air was substituted for Nz in the control sample, and finally a new 
sample (prepared by acid washing of the remainder of the suspension through which air had 
been passed) was adjusted to pH 4 and CO,-free air bubbled through it. 


The results are shown graphically in Figure 1. Undoubtedly, there was con- 
siderable oxidation of UQs by air at both pH 4 and pH 10. 

Another discrepancy in the preliminary work was the fact that one of the most 
inportant criteria did not fit into the over-all picture of greater toxicity of smaller 
particles; i. e., in the rabbit, kidney damage was no greater following inhalation 


of small than of large particles. The damage from “larger” particles was attributed 


*% to still another artifact of aerosolization, namely, a grinding action that actually 
produced small particles. In the repetition of the studies described below the accu- 
mulated “tines” were washed out of the feed slurry daily; in the preliminary tests 
this procedure was used only in the latter part of the exposure period. 
S 250- 
z 
3 200} 
p 
pH 4 ans J 
< 
050 
= 
| 
ie 20 40 60 60 100 120 140 160 180 
ELAPSED HOURS 
lig. 1.—Oxidation of aqueous uranium dioxide suspensions. 

Iwo experiments of improved design have been carried out. In the first, 
chamber dust of a larger particle size was maintained from the start. (This study 
. had been completed—1947—at the time the preliminary report’ was published. 

4 Unfortunately, control animals were not used.) In the second, a procedure was 


devised whereby the content of hexavalent uranium was reduced to negligible pro- 
portions initially, and each day’s accumulation of hexavalent uranium was washed 
out of the slurry before it was used again. 


EXPERIMENTAL PROCEDURES 
ExposuRE CHAMBER AND Dust 


The exposure chamber, the atomizing dust feed, and the methods of preparation of the 
UQOs-water mixtures of the two different particle-size ranges were essentially the same as those 
previously deseribed in detail.) An important innovation was the use of two feed jars; while 
one was in the chamber the slurry in the other was processed (a) to remove oxidized UQs in 
the small-particle experiment and (b) to remove the accumulation of “fines” in the larger- 
particle experiment. In the 0.5 # MMD experiment nitrogen not only was used in the atomizing 
jets but also was bubbled continuously through the slurry. 

3. Cohenour, L.; Weil, C. S., and Stekinger, H. E.: Unclassified Report M-1569, Rochester 
Atomic energy Project, Rochester, N. Y., 1944. 
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Daily Processing of UOs of Smaller Particle Sise—To the gallon jar containing the 0.5 # 
MMD particles were added 100 ml. of 6-N HCl and about 250 gm. of NaCl, to promote 
settling. The jar was filled with water and stoppered. The contents were mixed well; the 
solids were allowed to settle, and the clear supernatant liquid was siphoned off. This procedure 
was twice repeated with HCl! omitted. Sufficient NaOH was added to bring the water phase 
to a pH between 6 and 7, and then repeated cycles of washing with water, settling, and discard- 
ing the supernatant liquid were carried out until the solution chloride concentration was reduced 
to less than 103 normal. Oxygen-iree distilled water was used throughout. 

Daily Processing of UOz of Larger Particle Sise—To the gallon jar, containing about 
3 liters of the “above 1 # MMD” UO. mixture, was added 0.5 ml. of 6-N HCl. Stirring, 
settling for 30 minutes, and decantation were carried out. The cycle was repeated several 
times and was followed by several washings with water alone. The final pH was approximately 
that of the distilled water used. 

TOXICOLOGICAL PROCEDURES 


In each study, 16 young adult male albino rabbits and 23 male albino rats (plus 8 additional 
rats in the 0.5 # experiment) were exposed for a total of 192 exposure hours, on 29 exposure 
days, over a period of 37 calendar days. The exposure was preceded by a conditioning period. 
Mean body weights of the rabbits and the rats were approximately 3.2 and 0.32 kg. respectively, 
at the start of exposure. In general the animals were exposed six or seven hours daily. The 
“above 1 #” exposures were made during the months of November and December, 1947, the 
0.5 # exposures during the months of February and March, 1951. In the 0.5 # study, 6 control 
rabbits and 16 control rats were kept in the room outside the control chamber but otherwise 
under the same conditions as the exposed animals. At the end of each day’s exposure, when the 
rats were returned to the cages containing food and water, they were intermingled so that each 
cage contained both exposed and control rats. In both studies, filter-paper dust samples were 
taken at intervals, and the UQOs collected was estimated by weight difference. In the “above 
1 «” experiment, the range of the 465 samples was 14 to 213 mg./cu. m., the range of daily 
means 67 to 94, their mean 84 mg./cu. m. In the 0.5 # experiment, the range of the 296 
samples was 53 to 111 mg./cu. m., the range of daily means 78 to 88, and their mean &3 
mg./cu. m. (80 mg./cu. m. by ferrocyanide analysis). In the “above 1 #” study, air temperatures 
ranged from 73 to 79 F.; relative humidities, from 55 to 70%. In the 0.5 # study, temperatures 
ranged from 74 to 81 F.; relative humidities, from 52 to 60%. Rabbit weights were recorded 
biweekly; rat weights, daily. Urines of 10 rabbits in each study were analyzed at least twice 
weekly for protein, amino-acid nitrogen, and creatinine. Blood nonprotein nitrogen of the 
same 10 rabbits was determined twice weekly. Once or twice each week a rat was killed, the 
lung weight determined, and the lung damage estimated on an arbitrary scale of 1 to 10. 
On all other serially killed animals, on 10 or more rats, and on 9 and 10 rabbits, respectively, 
terminally killed, gross autopsies were performed, and sections of lung, pulmonary lymph 
node, and kidney were taken for histopathological examination. Samples of lung, kidney, and 
femur were collected for uranium analysis 

Chamber-Dust Particle-Size \easurements——Modified Cascade Impactor samples * were 
taken at least once each day. In the “above 1 “#” experiment they were analyzed by the 
tluorophotometric method.’ Mass-median diameters ranged from 7.8 to 3.3 “, with an over-all 
MMD of 2.3 u. The mean mass below 1 # was 15%. In the 0.5 # experiment the ferrocyanide 
analytical procedure was used. The over-all MMI was 0.47 » and the range 0.40 to 0.53 «. 
The mean mass below 1 # was 79%. Figure 2 is an electronmicrograph of particles from an 
electrostatic precipitator sample of the chamber dust of 0.5 4# MMD. No corresponding electron- 
micrograph of the “above 1 #” particles is available. 

4. Laskin, S.: Measurement of Particle Size, in Pharmacology and Toxicology of Uranium 
Compounds, edited by C. Voegtlin and H. C. Hodge, New York, McGraw-Hill Book Company, 
Inc., 1949, Div. 6, Vol. 1, Ch. 10, Sect. 2. 3. 2. 

5. Flagg, J. F.: The Neuman Photofluorometric Method, in Pharmacology and Toxicology 
of Uranium Compounds, edited by C. Voegtlin and H. C. Hodge, New York, McGraw-Hill 
Book Company, Inc., 1949, Div. 6, Vol. 1, Ch. 2, Sect. 2. 
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RESULTS 


Mortality Iwo rabbits (one exposed, and one control) died accidentally 
during the 0.5 w test. No rats died. On the other hand, no rabbits died from the 
inhalation of “over 1p” particles. One rat died probably from intercurrent disease 
on the sixth calendar day 


Fig. lectronmicrograph of uranium dioxide particle of 0.5 mass-median diameter (MMD). 


Weight Response.—Vhe mean body weights of terminally killed animals are 


shown graphically in Figure 3. The rabbits all grew ; during the last two calendar 
weeks of the 0.5 a test, however, a slight growth retardation occurred in the exposed 
group. The growth curve of the rats in the “over 1,” test has not been shown 
hecause so many rats were ill that there was a preexposure loss of weight and there 
was only a sitcht merease of weight during the exposure period. The weights 
showed no alnormalities that could be aseribed to the inhalation of uranium dioxide. 
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The experimental rats in the 0.5 « test consistently averaged a little heavier than 


the control group during the pretest period and for about a week after the exposure 
began. Then the weight dropped sharply about 10 gm., so that the curve for the 
experimental group fell below the control curve. This relative position was main- 
tained for the rest of the test; the growth curves of exposed and control rats were 
parallel. 


Biochemical Results —Daily mean urinary-protein values of the rabbits that 


received the full 192 hours of exposure are compared graphically in Figure 4. Plots 
of the dust concentration and the particle size of each study are shown in order to 
aid the comparison. Also shown (the broken line) is a reproduction of the plot of 
corresponding means from the earlier 0.5 » experiment.'. No mean daily urinary- 


protein value as great as 10 mg./100 ce. occurred following inhalation of the larger 


23 
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Fig. 3.—Daily means of body weights of animals preceding and following inhalation of 
uranium dioxide dust at a concentration of approximately 80 mg./cu. m. and a mass-median 
particle size of 0.5 # (white circles) and 2.3 # (black circles), and of unexposed “0.5 »” 
controls (half-black circles). 


uranium dioxide particles. In the 0.5 » MMD study a daily mean greater than 
10 mg. 100 cc. first occurred near the end of the second week. Thereafter, values 
increased to a broad maximum. Peak values above 100 mg./100 cc. were attained 


during the fourth and fifth weeks. The curve is similar to that of the earlier 0.5 p 


experiment, but the threshold and maximal responses are delayed by approximately 
6 and 10 days, respectively. 

Daily means of blood nonprotein nitrogen and urinary amino-acid nitrogen- 
creatinine ratios are compared graphically in Figure 5. No elevation of either blood 
nonproteim nitrogen or urinary amino-acid nitrogen-creatinine ratios followed inha- 
lation of uranium dioxide particles of 2.3 « MMD. Following inhalation of particles 
of 0.5 » MMD, however, slight elevation of blood nonprotein nitrogen and more 
pronounced elevation of urinary amino-acid nitrogen-creatinine ratios occurred, the 
latter rising to peak values above 0.8 during the fifth calendar week. 
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big. 4.—Daily mean concentrations and mass-median particle diameters of uranium dioxide 
dust and corresponding mean daily urinary-protein levels of rabbits exposed thereto. 
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Fig. 5—Daily mean biochemical responses of rabbits following inhalation of uranium dioxide 
dust at a concentration of approximately 80 mg./cu. m. and a mass-median particle size of 
(5 # (white circles) and 2.3 # (black circles), and of controls (half-black circles) of the 
0.5 « experiment. 
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Fig. 6.—Pulmonary responses in rats following inhalation of uranium dioxide dust at 
80 mg./cu. m. concentration and 0.5 # MMD. 


Fig. 7.—Lung of rabbit following inhalation of 0.5 «#-MMD UOs.. It shows nodular intra- 
alveolar and interstitial infiltration of mononuclear phagocytes. Hematoxylin and eosin; « 100. 
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Pulmonary Responses of Rats.—Lung weights and gross lung damage, as rated 
by one of us (C. W. LaBelle), of rats killed two each during the small-particle test 
are shown graphically in Figure 6. Both indices rose to peak values, indicating 
significant lung damage, on the 10th calendar day. Lung weight receded rapidly to 
normal thereatter, This response was essentially the same as that previously 


described. (See Wilson and associates,’ Fig. 7.) 


hig. &—Lung of rabbit following inhalation of 0.5 4#-MMD UQs,. A small interstitial nodule 


showing the epithelioid structure of the cells, the phagocytosed dust particles, and the collar of 


Ivmphoeytes about the nodule. Hematoxylin and eosin; % 400. 


Pathological Observations —lWKidney damage was found in 4 of 10 terminally 
killed rabbits, following inhalation of the larger particles. Damage was very slight 
in 3, moderate in 1.° No renal lesions were observed in the rat that could be ascribed 

6. This rough histological grading of severity of renal damage. is modeled after that 
described in Chapter 4, p. 211, of the N. N. E. S. monograph, “Pharmacology and Toxicology 
of the Uranium Compounds.” (See Footnotes 4 and 5.) 
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to uranium poisoning. No other significant lesions were found in any other tissues 
of any animals of the 2.3 » exposure. 

Significantly greater damage followed inhalation of uranium dioxide particles 
of 0.5 » MMD. Two rats and two rabbits were killed on each of the following days: 
6th, 13th, and 20th. On the 6th day, the kidneys of both rats exhibited mild lesions 
of the type usually seen in uranium poisoning. On the other hand, the rabbit kidneys 
showed no lesions that could be attributed to uranium poisoning! On the 13th day, 
the kidneys of both rats and one rabbit showed mild injury; in the other rabbit 
renal injury was moderately severe. On the 20th, only mild renal lesions were 
found in the rats, but both rabbits exhibited moderately severe injury. Of 10 
exposed rats killed terminally, 6 showed mild, and 1 moderately severe, renal 


Tape 1.—lU'ranium Contents of Tissues of Animals Exposed for Thirty-Seven Days to an 


80 Mg./Cu. M. Concentration of Uranium Dioxide of Different Particle Sizes 


ug U per Gm. Ash 


MMD of 
Tissue Species UOsz, a Animals Mean Range 
Lung Rabbit 2.3 10 3,960 1,420- 10,390 
Controls 10- 170 
Rat 2.3 M4 9,650 4,230- 14,160 
05 105,000 52 000-159 000 
Controls te 60 10 170 
Kidney Rabbit 2.3 10 su 39 217 
0.5 234 122 402 
Controls 5 7 
Rat 23 M4 79 5 139 
O45 10 S41 138- 573 
Controls 10 39 10- 190 
Femur Rabbit 2.3 10 7.5 2.2-16.2 
05 9 8.2 1.6-31.9 
U Controls 5 1.3 0.0- 5.5 
Rat 2.3 1410.8 
10 4.3-12.5 
Controls 10 3.0 00-191 


damage. Of the 9 terminally killed rabbits, renal 
moderately severe in &. 


damage was severe in 1 and 


An area of gray consolidation was observed grossly in the lung of one of the 
rats of the 0.5 » study on the 13th day, in the lung of one of the rabbits killed on the 
20th, and in the lung of one of the terminally killed exposed rats. These findings are 
of doubtful significance, however, since corresponding gross abnormalities are some- 
times seen in the lungs of control animals. \ pulmonary change of an extraordinary 
character was seen in the lungs of two of the rabbits of the 0.5 » MMD exposure, 
killed terminally. It consisted of an excessive intra-alveolar and interstitial infiltra- 
tion of phagocytic monocytes, many of which contained dust particles. In the inter- 
stitial tissue these monocytes assumed a roughly ovoid form; the cells became 
spindle-shaped, resembling epithelioid cells, and the nodules were surrounded by 
lymphocytes (Figs. 7 and 8). 

Tissue Analysis.—Mean quantities of uranium in the tissues of terminally killed 
animals are compared in Table 1. The concentration was significantly greater in all 
of the tissues examined (lung, kidney, and femur) following inhalation of the 
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smaller particles. The greatest ditferences were in the lung values (Fig. 9). The 
lung build-up of the insoluble uranium dioxide was, as expected, very much greater 


than the increases in uranium content of the kidney or the femur. 


COM MENT 


In the preliminary report! we recognized the contributions that oxidation 
products might make to the observed toxicity of the small-particle uranium dioxide. 
The difficulties of assessing how much of the toxic effect was in this sense an artifact 
were clearly pointed out. One way to make this assessment would be to prevent 
the formation of significant amounts of hexavalent uranium. It is seen, however, 
that the almost complete elimination of oxidation products and of uranyl salt in the 
current study effected little reduction in toxicity from a quantitative standpoint. 
In the rabbits, however, there were some marked qualitative ditferences. The 
increases in urinary protein, amino-acid nitrogen-creatinine ratios, and blood non- 
protein nitrogen values (Figs. 4 and 5) were similar to those of the preliminary 
study but occurred later ; the appearances of the peak values were delayed by several 


N 


RABBIT RAT 


Fig. 9—Mean uranium contents of lungs of terminally killed animals following inhalation 
of uranium dioxide particles of 0.5 # and of 2.3 4 MMOD, respectively. 


days. \ reasonable explanation of this delay is based on the assumption that UOz 
itself does not cause renal injury. It is the oxidation product (hexavalent U), 
soluble in body fluids, that is transported to the kidney. 

For the moment let us direct attention only to the small-particle studies. Ii 
oxidation of UO, does not precede inhalation but is almost entirely in vivo, the 
amount of hexavalent U formed in a given time is small, the concentration in the 
glomerular urine is at first very low, and kidney damage may be considerably 
delaved. 

his hypothesis may explain a pathological difference that otherwise finds no 
ready explanation. Biochemical and mortality data for the rabbits indicate a slightly 
greater toxicity in the preliminary study of the small-particle UO, than in the 
current study, although micropathological findings showed more severe renal injury 
in the current study. Specifically, whereas kidney damage is described in the pre- 
liminary report as occurring in most of the terminal rabbits and varying from slight 
traces to moderate, in the current study damage occurred in all of the terminal 
rabbits and was severe ip one and moderately severe in the rest. This difference 
may, however, be more apparent than real, because in both experiments estimates 
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of kidney damage of terminally killed animals were of necessity based largely on 
the extent and the appearance of regenerated tubular epithelium. These estimates 
tend to reflect the severity of the injury more completely when the time interval 
between peak damage and killing is shorter (Fig. 4). 

In the rats, on the other hand, the results of micropathological study (the only 
index of renal damage recorded) confirmed in all details the earlier test. In the 
current work, two rats killed on the sixth calendar day showed mild renal damage, 
whereas two rabbits killed at the same time showed none, indicating that the 
threshold of kidney damage occurs earlier in the rat than in the rabbit, or that 
uranium reaches the kidney faster in the rat. 

The presence of hexavalent uranium in the dust was not a factor in the pro- 
duction of lung damage. In the rat, peak lung damage, peak lung weight, and 
maximal loss of body weight occurred on or about the 10th calendar day in both 
0.5 » MMD studies. 

In the case of the larger particles (2.3 » MMD) the concentrations of hexavalent 
uranium in the glomerular filtrate are so small that little or no renal damage occurs. 


TasL_t 2.—Comparative Results of Two Experiments in Which Animals Inhaled Uranium 
Ioxide Particles of MMD Greater Than 1 4 


Chamber Peak Mean Mean U Con- 
UOe Dust of Rabbit tent of Lung, 
Concen- Average Cumulative Urinary Significant Kidney Damage Mg./Gm. Ash 
tration, Particulate Hours of Protein, - - 
Mg. Cu. M. MMD Exposure Mg. 100 Ce. Rabbit Rat Rabbit Rat 
76 ae 191 32 Very slight in 5 None 37 jl 


of 10; mild in 1; 
moderate in 4 
83 2.3 192 7 Very slight in 3 None 4 10 
of 10; moderate 
inl 


* Although the average MMD was 1.7, lower values were the rule during the first week of exposure in the 
preliminary study, because ‘‘flnes’’ were inadvertently allowed to accumulate 


Retention of larger particles in the upper respiratory system? limits the amount of 
uranium dioxide deposited in the alveolar spaces to a small fraction of the inhaled 
dust ( Fig. 8). 

The increase in size and the improved uniformity of the “above 1 »” dust have 
resulted in the current study in (a) a smaller deposition of uranium in the lungs and 
(>) a generally lessened toxicity. In Table 2 a brief comparison is made of the 
results of the two “above 1 »” studies. Outstanding is the decrease in severity and 
frequency of renal damage in rabbits following inhalation of the 2.3 » MMD 
uranium oxide. The lower peak-urinary-protein value should also be mentioned. 
The average lung contents of uranium were only 4 and 10 mg./gm. ash in the 2.3 » 
study (rabbits and rats, respectively ) as contrasted with 37 and 51 mg./gm. found 
in the earlier “above 1 »” study. 


SUMMARY AND CONCLUSIONS 


Uranium dioxide dust at a concentration of approximately 80 mg./cu. m. and 
a mass-median particle diameter of 0.5 « has been shown to be considerably more 
toxic, when inhaled by rabbits and rats, than the same concentration of uranium 


7. Stokinger, H. E.: Lobar Deposition and Retention of Inhaled Insoluble Particulates, 
A. M. A. Arch. Indust. Hyg. 4:346, 1951. 
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dioxide dust at an average mass-median particle diameter of 2.3 ~. This was evi- 
denced in the rabbit by much higher urinary protein values, by elevation of the 
urinary amino-acid nitrogen-creatinine ratio, by inerease of blood nonprotein 
nitrogen, and by significantly greater renal damage as shown by histopathological 
examination of tissues, and in the rat by greater renal damage as shown histo- 
pathologically. 

In the rat, following inhalation of uranium dioxide particles of 0.5 » MMD, 
gross lung damage, lung weight, and loss of body weight rose to peaks on or about 
the 10th calendar day. 

In all tissues analyzed (lung, kidney, and femur) deposition of uranium was 
vreater in the 0.5 p study. The lungs showed the greatest differences (in the rabbit, 
a mean of 101 mg. Uo gm. ashed tissue, compared with 4 mg.; 1n the rat, 105 mg. 
compared with 10 mg.). 

Methods were devised for processing the water suspensions used in the aspirator 
dust feeds so that (a) hexavalent uranium was negligible in the chamber dust of 
0.5 » MMD and (/) the chamber dust of larger size was maintained comparatively 
free of “fines” produced by the grinding action due to the agitation of the slurry. 

The results of this study have been compared with those of the preliminary 
report.!. This comparison reveals that virtual elimination in vitro of hexavalent 
uranium effected little if any reduction in the over-all toxicity of particles of 
MMI 0.5 » but that there was a delay in the elevation of urinary-protein values, 
amino-acid nitrogen-creatinine ratios, and blood-nonprotein-nitrogen values. The 
uranium dioxide particles of 2.3» MMD were much less toxic than the “above 1 p” 
dust (which contained a greater proportion of “fines’”’) of the preliminary investiga- 
tion, and much less uranium was retained in the lungs. 

In the lungs of two rabbits of nine killed terminally in the small-particle study, 


an unusual granulomatous reaction was observed. 


Prof. Harold C. Hodge contributed suggestions and encouragement in these studies. Dr. 
Charles FE. Spiegl made a critical examination of this report. Further contributions were made 
by the following associates: Thomas B. Barnett, John Bader, and James O'Brien, pathology ; 
Stanley Dziuba, tissue analyses; Myrtle Crossmon, Betty Ashworth, biochemical analyses ; 


Michael Watson and Kenneth Lauterbach, electronmicrography: Jean Mitchell and Dorothy 
_ particle-size analyses; Ray Kesel and staff, animal care. 
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OBSERVATIONS OF CARDIORESPIRATORY PERFORMANCE IN NORMAL 
SUBJECTS UNDER UNUSUAL STRESS DURING EXERCISE 
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iS ibe MEET the increased metabolic demands for supply of oxygen, excretion of 
carbon dioxide, and elimination of heat, exercise requires the body to make a 
variety of adaptive changes with respect to the ventilation of air and the circulation 
of blood.’ Since equilibrium of the external and internal environments is approached 
in the lungs, the efficiency of intrapulmonary mixing of gases, distribution of air 
and blood to the alveolar sacs, and diffusion across the alveolar interface is important, 
Variations occurring in the oxygen gradient between functional alveolar air (end- 
tidal expired air) and arterial blood have been reported for normal subjects else- 
where? The exercise demand for more oxygen may be met by the following 
mechanisms: (a) ventilating a larger volume of air, (/) increasing the rate of oxygen 
absorption in relation to ventilation (respiratory efficiency), (¢) increasing the 
cardiac output, and (d) increasing the rate of absorption in relation to blood flow 
(arteriovenous oxygen ditference). Failure of such mechanisms results in an 
inadequate supply of oxygen during exertion and raises the oxygen debt to be repaid 
during recovery. If the failure is severe, the duration of time that such exertion can 
be maintained is shortened, and the oxvgen debt is increased further. In order to 
evaluate the differences in performance between health and disease, which are 

This investigation has been supported in part by a research Grant-in-Aid from the National 
Heart Institute of the National Institutes of Health, United States Public Health Service, and 
the Hochstetter Fund. 

Dr. Bruce, Dr. Lovejoy, and Dr. Yu are Hochstetter Research Fellows in Medicine. 


Present address of Dr. Bruce: Department of Medicine, University of Washington School of 
Medicine, Seattle, Wash. 

From the Chest Laboratory of the Department of Medicine, University of Rochester School 
of Medicine and Dentistry, and the Medical Clinics of Strong Memorial and Rochester Municipal 
Hospitals, Rochester, N. Y. 
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largely quantitative,’ the normal range of variability of each of these parameters must 
be detined.* 

By varying the stresses applied to normal subjects, the study of exercise 
physiology provides a unique opportunity to investigate how and to what extent 
these mechanisms may be altered. The responses to the unusual stresses of breath- 
ing air of lowered oxygen concentration or severe grade walking, or both together, 
during exercise have been obtained for quantitative comparison. In order to demon- 
strate the similarity between these responses and those observed in patients with 
disease, the data from two young adults with relatively clear-cut manifestations of 
pulmonary and circulatory insufficiency, respectively, are included in this report. 

Since not all the critical factors mentioned were readily available for continuous 
observation, the pulse and the oxygen transport per heart beat have been substituted 
for the cardiac output and the arteriovenous (A-V) oxygen difference. The 


transport value was derived from the oxygen consumption per square meter of body- 
surface area divided by the heart rate for the corresponding minute. It is the prod- 
uct of the stroke volume and the A-V oxygen difference and does not reflect either 
variable exclusively 

\n integrated cardiorespiratory measure of performance at these various stresses 
has been obtained from the physical-fitness index (PFI) for walking at the rate of 


Lire mph as follows 


PFI eficiency during exercise 


Sum of heart beats for 3 minutes 


Normal values for this index range between 13 and 26. The significance of this 
index is that it varies inversely with the gradient for oxygen between functional 
alveolar air (end-tidal expired air) and functional arterial blood (pulmonary venous 
blood plus venous admixture) (7 0.80 ).° 

Phe electrocardiographic changes observed in these studies have been reported 


separately 
METHODS 


Seven normal male subjects (25 to 52 years of age) and two patients were observed under 
ordinary conditions of diet, clothing, and ambient room temperatures and pressures. Exercise 
studies were done on a treadmill ergometer with a direct-writing electrocardiograph and a 
ontinuous ventilation flow and respiratory gas analyzer as described previously.) Each subject 
walked a 100 grade at 1.73 mph (8 rpm) for 10 minutes. In addition to this standard stress, 
the seven normal subjects also walked on the level, as well as at 20% grade. Some tests were 


3. Simonson, F., and Enser, N.: Physiology of Muscular Exercise and Fatigue in Disease, 
Medicine 28:345, 1942. Wahlund, H.: Determination of the Physical Working Capacity, Acta 
med, seandinav. Supp. 215, 1948 

4. Bruce, R. A.; Pearson, R.; Lovejoy, F. W. Jr.; Yu, P. N. G., and Brothers, G. B.: 
Variability of Respiratory and Circulatory Performance During Standardized Exercise, J. Clin. 
Invest. 28:1431, 1949 

5. Bruce; R. A.; Lovejoy, F. W. Jr.; Yu, P. N. G.; Pearson, R., and McDowell, M. E.: 
Estimation of Physical Fitness, Science 110:437, 1949. 

6 Bruce, R. A.; Lovejoy, F. W. Yu, P. N. G., and McDowell, M. E.: The Evaluation 
and Signiticance of the Physical Fitness for Moderate Work: A Study of Patients with Cardio- 
vascular Pulmonary Diseases, A. M. A. Arch. Indust. Hyg. 4:236, 1951. 

7. Yu, P. N. G.; Bruce, R. A.; Lovejoy, F. W. Jr, and McDowell, M. E.: Variation in 
Klectrocardiographic Responses During Exercise in Normal Subjects Under Unusual Stresses 


and in Patients with Cardiopulmonary Diseases, Circulation 3:368, 1951 
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made while ubject vere breathing lower imspired-oxygen tensions (using oxygen-nitrogen 
mixtures e data have been organized into six groups according to the stresses employed 
(Table 1) for averaging. The work loads for each group were expressed in terms of mean 
oxygen consumption and the ratio of the caloric expenditures during exercise and rest. 

All pas volumes were corrected to liters per square meter of body-surface area at STPD 
(standard temperature pressure dry), The breathing reserve (B. R.) was calculated as follows : 
BRS MMB verage exercise minute ventilation volun 100) 


where MMBC represents the maximum breathing capacity while using the same face mask. The 
respiratory efficieney was determined from the difference in the inspired-expired oxygen concen- 
tration, expressed in volumes per cent. Oxygen transport per heart beat was obtained by dividing 
the oxygen consumption by the heart rate for the corresponding minute. Oxygen debt was 
calculated as the percentage excess oxygen consumed during 10 minutes of recovery, in relation 


to the total excess oxygen consumed (over the resting value) during exercise and 10 minutes 


of recovery 
O, debt (%) 
I i s re 
RESULTS 
lvartations Normal Performance with Different) Stresses—(a) Cardio- 


respiratory responses. “The mean values for the several cardiorespiratory responses 
in the same normal subjects experiencing different stresses during exercise for 10 
minutes are shown in Table 1. Two series of control observations were made for 
the standard stress of 1.72 mph and 10% grade. Minor variations occurred in per- 
formance; these were attributed to a conscious desire to eliminate irregularities in 
breathing. The data for both series were combined to obtain the average responses 
at the control level of work. Only four tests were made with severe hypoxia (11.3% 
inspired-oxygen concentration; pO, 80 mm. Hg). As the stresses became more 
severe, the following changes were observed: increased minute ventilation volume, 
heart rate, and oxygen debt, along with decreased breathing reserve, and diminished 
physical-fitness index. Optimal respiratory efficiency was found at the standard 
stress (100¢-grade walking at 1.73 mph) used for the study of patients. Variable 
degrees of lowering of the respiratory efficiency occurred with either 20%-grade 
walking or hypoxia. The highest oxygen transport per heart beat occurred with the 
206 -grade walking while breathing room air. 

(>) Ditferentiation of effects of hypoxia from those of greater work load. Chart 
1 illustrates the mean values for minute ventilation, heart rate, respiratory efficiency, 
and oxygen transport per heart beat in the same normal subjects breathing either 
room air or low oxygen and walking at either 10% or 200% grades. Hypoxia caused 
a greater ventilatory response together with a lowering of the respiratory efficiency. 
Twenty-per-cent-grade walking (breathing room air) induced tachycardia with a 
larger transport of oxygen per heart beat, still greater ventilatory response, and a 
delay in the time for the heart rate to recover to its resting level. The combination 
of hypoxia with 20°¢-grade walking resulted in additive effects on ventilation and 
heart rate with even further lowering of the respiratory efficiency. The lowest 
respiratory efficiency was observed in the four subjects who did 10%-grade walking 
during 11.3¢¢-oxvgen breathing (Table 1). Thus the respiratory efficiency was 
diminished by hypoxia, whereas the recovery pulse was increased by greater work 
loads 

(c) Suppressive effect of hypoxia on oxidative processes during exercise. 


Whereas oxygen consumption was observed to increase by 11 to 18% during rest, 
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similar changes were not found unitormly during exercise (Table 2). A  shght 
increment in the oxygen consumption was seen with 10%-grade walking while 
breathing 150% oxygen (Group 4), but either lower inspired oxygen concentration 
(Group 6) or steeper-grade walking (Group 3) caused conspicuous reversals in 
this trend. The oxygen debt was found to rise as the hypoxic stresses became more 
intense. The mechanism of this lowered oxygen consumption was a reduction in the 
respiratory efficiency, for the ventilation increased appreciably (Table 1). Pre- 
sumably pulmonary perfusion may have been impaired also, 

(d) Symptoms. None of the seven subjects experienced any chest pain sug- 
gestive of coronary insufficiency at any of the stresses studied. Ventilatory insut- 
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Chart 1.—Comparison of the cardiorespiratory responses made by the same group of seven 
normal subjects to different stresses during exercise. 


ficiency, manifested by dyspnea, was noted in 42 to 86% of the tests when either 
the grade was increased to 20% or the inspired pO. was lowered, or when both 
these changes were in force. Dizziness was experienced by 28 to 50% of the sub- 
jects during either 20% -grade walking (Group 3) or hypoxia (Group 4), possibly 
because of excessive ventilation leading to respiratory alkalosis and hypocapnia. 
This was confirmed by a respiratory quotient of greater than 1.0 during exercise in 
some instances. Fatigue was often noticed with 20%-grade walking, and frequently 
it was accompanied by transient pain in the legs and considerable diaphoresis. 


Drowsiness was a conspicuous symptom in one, whereas euphoria was experienced 
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This patient presented no evidence of either ventilatory or alveolorespiratory 
insufficiency but had a physical-fitness index at the lower limits of normal, owing to 
tachycardia. He presented no evidence of valvular obstruction, arrhythmias, or 
decompensation, and he was able to perform the grade walking without symptoms. 


COMMENT 

Inasmuch as the exercise was standardized in proportion to body weight by 
means of the treadmill ergometer, comparisons of physiological performance could 
be made. Emotional responses to the testing situation might affect such compari- 
sons. Since minimal apprehension over the testing situation was frequently encoun- 
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Chart 2—The exercise performance of two patients, one with circulatory insufficiency and 
one with pulmonary insufficiency, as indicated, is compared with that of normal subjects. The 
exercise stress was 10%-grade walking at 1.73 mph for 10 minutes while breathing room air, 
in all instances. See text for discussion. 


tered in both normal subjects and patients with disease, such disturbing factors were 
not limited to either group alone. Motivation has not been a problem in this study 
since all subjects walked for 10 minutes. 

The physical-fitness index was decreased to an equal degree by either mild 
hypoxia (inspired-oxygen concentration of 15%, pOz of 104 mm. Hg) or increased 
work load of 20%-grade walking while the subject was breathing room air. Simi- 
larly, two subjects moderately disabled by cardiac and pulmonary disease, respec- 
tively, showed comparable reductions in the physical-fitness index. Even lower 
fitness scores were obtained from normal subjects under more severe stresses of 
hypoxia and grade walking. 
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by another who walked under severe hypoxia of 11.3% oxygen. Both symptoms 
were considered to be manifestations of cerebral anoxia. 

(e) Signs. Frank cyanosis developed in the subjects who walked the 10% grade 
while breathing 11.3% oxvgen. Whenever the stresses were greater than the 
standard (10%-grade walking and breathing room air), accentuation of the second 
pulmonic sound was noted frequently. Occasionally a systolic murmur along the 
left sternal border or a third sound in diastole with auscultatory characteristics of 
a protodiastolic gallop rhythm was heard in early recovery. Twice in one individual, 
and once in another, transient basilar rales of pulmonary congestion were audible in 
early recovery. (This occurred despite appreciable positive-pressure breathing 
associated with the resistance of the expiratory valve during high ventilation 
volumes.) After the excessive ventilation of early recovery had subsided, the 
quality of the heart sounds was often variable before returning to the resting 
characteristics. 


2. Representatwwe Patterns of Pulmonary and Circulatory Insufficiency. 


\Ithough generally most patients do not show specific evidence of pure pulmonary 


or pure circulatory insufficiency,” two young adults have been selected to illustrate 
Taste 2.—Effects of Hypoxia on Oxidative Processes During Exercise (Expressed as Percentage 


Change from Control Stress of Same Grade of Walking, Subjects Breathing Room Air) 


Total Exeess Oxygen 
Consumed 
(Change in Oxygen 
Consumption, ‘ During Change 
Exercise Change in in Oxygen 
Rest Exercise MI. Sq. M Ml. Sq. M. Debt, % 
3,800 
11.3 4.9 3.000 100 10.8 


17.7 8.5 3,199 


the probable patterns of these two types of functional impairment. The states of 
these individuals are considered to approach as closely as possible clinical entities 


that involve primarily one organ system, 


(a) ©. CR. ONo, 98369) was a 20-year-old white woman with a history of delayed resolution 
of Type-6 pneumococcal pneumonia two years previously, complicated by partial bronchostenosis 
and pleural adhesions. She complained of exertional dyspnea, coughing, easy fatigability, and 
occasional episodes of pain in the right lower part of the chest. She was found to have consider- 
able pulmonary insuthciency with hypoxemia, but no hypercapnia, nor any evidence of pulmonary 
hypertension by cardiac catheterization. Owing to hyperventilation on exertion, the respiratory 
efhereney was markedly reduced (Chart 2). The physical-fitness index was 13.8. Since the 
maximum mask-breathing capacity was a high normal value, the breathing reserve during exer- 
cise Was 65°, or normal 


In this patient the pulmonary insufficiency was due to alveolorespiratory insuf- 
ficiency rather than ventilatory insufficiency. 


(hb) M. R. (No. 58003) was a 19-year-old white man with gross cardiac enlargement due to 
rheumatic aortic insuticiency. The maximum mask-breathing capacity was a high normal value. 
He walked tor 10 minutes at 1.73 mph and 10% grade without symptoms. Chart 2 shows that 
the levels of ventilation and respiratory efficiency were normal during exercise but that the heart 
rate was excessively rapid during rest, exercise, and recovery. Subsequent studies confirmed this 
and practically excluded the possibility of tachycardia due to anxiety. The oxygen transport per 


heart beat was slightly diminished. His physical-fitness index was in the low-normal range, 13.7. 
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\noxia may increase the pulmonary arterial pressure in normal subjects.. In 
these normal subjects the increased pulmonary arterial pressure was apparent from 
the marked accentuation of the second pulmonic sound. The initial mechanisms 
for compensating for acute anoxia are hyperventilation and tachycardia. The 
utilization of such reserves results in a lower physical-fitness index because of a 
decrease in the respiratory efficiency or a delayed recovery of the pulse. When 
hyperventilation is marked, respiratory alkalosis from hypocapnia may ensue. In 
addition to the increase of heart rate, and presumably of cardiac output, in response 
to anoxia, other changes occurred which suggested a redistribution of blood flow and 
possibly acute suppression of oxidative processes to spare vital organs. This was 
revealed during severe exercise or marked hypoxia with the exercise by a decrease 


in the average oxygen consumption.” The increase in resting oxygen consumption 


was attributed to the extra work of respiration and circulation. Functional changes 
were demonstrated therefore in normal subjects under unusual anoxic stresses 
which simulated the effects of anoxia induced by disease in patients. The integra- 
tion of these important parameters in the physical-fitness index provided a measure 
of the cardiorespiratory capacity for moderate work. Finally, the working capacity 
Was impaired by various types of anoxia in either normal subjects or patients with 
diseases of the heart or the lungs. 
SUMMARY 


\ comparative study has been made of the effects of unusual stresses on exercise 
performance in normal subjects. Exercise was performed during a standardized 
stress and during the unusual stress of an increased work load of 20% -grade walking 
or a lowered inspired-oxygen concentration or both. 

\lthough ventilation, heart rate, and oxygen debt were increased, the breathing 
reserve and the physical-fitness index were diminished by these unusual stresses. 
Whereas the respiratory efficiency was highest with the standard stress, either 
hypoxia or excessive work demand lowered it. The greater the work load, the 
longer was the time required by the heart rate for recovery of its resting level. 

\ lower oxygen consumption during exercise and a higher oxygen debt were 
observed with the more severe degrees of hypoxia. 

Symptoms of coronary insufficiency were not encountered. Dyspnea, dizziness, 
and tatigue were discussed in relation to the physiological changes. Physical signs 
ot circulatory strain were observed transiently during early recovery in some subjects. 

The reduction in the physical-fitness index in the case of normal subjects who 
were under unusual stresses was comparable to that observed in the case of patients 
moderately disabled by circulatory or pulmonary insufficiency. 

&. Motley, H. L.; Cournand, A.; Werko, L.; Himmelstein, A., and Dresdale, D.: The Effect 
of Short Periods of Induced Anoxia upon the Pulmonary Arterial Pressure in Man, Am. J. 
Physiol, 150:315, 1947. 

9. Previous studies by KE. C. Schneider and R. W. Clarke (Effects of Low Barometric 
Pressure on the Oxygen Consumption and Oxygen Debt During Exercise, Am. J. Physiol. 
74:334, 1925) indicated that the oxidative processes of the body were retarded at barometric 
pressures under 410 Hg and that this effect was accentuated during physical work. Although 
they found the consumption of oxygen to be sharply decreased during exertion under low 
barometric pressure, the oxygen debt of the body was not increased. 
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CASTOR BEAN POMACE EXPOSURE 


M. A. SNELL 
HARTFORD, CONN. 


OR MANY years, castor oil has been extracted from castor beans by various 

processes involving mechanical pressing or solvent extraction or both. The 
resultant meal or pomace is used for fertilizer. It is not suitable as an edible product 
for either man or animals, because of its poisonous nature. 

At the present time there is a great deal of increased activity in connection with 
the extraction of castor oil. This has occurred because of the present acute shortages 
of some other oils and because of the need for large quantities of castor oil for jet 
engines and many other new uses. Several large extraction plants are presently 
engaged in processing castor beans, and others are preparing to do so. 

The castor beans are usually cleaned prior to being ground or crushed. Fre- 
quently, they are cold-pressed to remove the very best grade of castor oil for 
medicinal purposes. Sometimes, they are also hot-pressed to remove additional oil 
of a lower grade. The total yield of such mechanical processes is usually about 40%, 
The oil remaining in the cake is then removed with solvents such as hexane, naphtha, 
or trichloroethylene and a commercial grade of oil recovered by distillation. It 
is used for many industrial purposes. 

After the oil has been completely removed, the castor pomace or meal is dried, 
placed in bags, and sold for fertilizer. It usually contains from 5 to 8% ammonia, 
1 to 1.5% phosphoric acid, and 1 to 1.5% potash. 


Some dust is usually generated in the operations involved in bean cleaning, in 
automatic batch weighing, and in dumping the beans into the grinders and crushers. 
Some dust is generated also at the point where the pomace is dried and placed in 
bags. The dust from these operations may be inhaled or may come in contact 
with the skin or the eyes to create a health hazard. The castor bean obtains its 
poisonous nature from ricin, a violently toxic albumin that rivals cobra venom in 


potency. The beans also contain the most potent allergenic fractions known to man. 
However, these harmful ingredients remain in the pomace and do not appear in the 
oil. 

Reports of cases of castor-bean sensitivity or poisoning appear in the literature 
as far back as 1905. The physiological effects may involve hives, dermatitis, and 
such respiratory ailments as irritation and inflammation of the nose and throat, many 
times with symptoms of hay fever or asthma. Frequent cases of eve irritation 
also occur, Symptoms have occurred among members of the families of workers 
who carried pomace dust to their homes in their work clothes. Farmers and 


From the Hartford Accident and Indemnity Company. 
Presented at the Annual Meeting of the Northeast Section of the American Industrial 
Hygiene Association, Harvard School of Public Health, Boston, April 4, 1952. 
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members of their families have acquired symptoms from exposure to dust resulting 
from spreading castor bean fertilizer on the fields. There are also many cases of 
sensitization to castor bean dust involving workers in plants and members of the 


public in the vicinity of such plants. There have been numerous cases of poisoning 
of animals that ate the meal. 

Recently, a solvent-extraction plant conducted an experimental run with castor 
beans. They had formerly been engaged in extracting other types of oil. Four days 
after the operations began, the plant shut down because of extreme employee dis- 
comfort. All affected employees had been exposed to dust generated from the meal- 
drying-and-bagging operations. About 15 of them had dermatitis or inflammation 
of nose, throat, and eyes. Several required medical attention. However, when the 
plant reopened on the following Monday, the symptoms had practically disappeared. 

Secause of the difficulty experienced, they decided against processing more castor 
beans, but completed the drying and bagging of the pomace on hand. 

A large manufacturing plant recently had some cases of castor bean poisoning 
that resulted in asthmatic conditions. Six women were involved, all of whom lost 
some time, and two of them were away from work for several weeks. These women 
were among a group of employees who collected waste paper in the plant and office 
and stutted it into large burlap bags. A six-week investigation was made before 
the source of the trouble was located. 

These bags were large ones purchased from a used-bag dealer. They had 
been made by cutting up smaller used burlap bags and sewing them together. In 
the making of this particular batch of bags a considerable number of bags that had 
contained castor beans were used. These bags had not been cleaned or sterilized, 
and apparently sufficient castor bean dust remained in them to sensitize the affected 
employ ees 

Twenty-five years ago, a fertilizer plant began the oil extraction of castor beans. 
The beans were cleaned, steam-heated, and pressed. The pressed cake was treated 
with naphtha, and the remainder of the oil was removed. Castor oil and naphtha 
were separated by distillation. They had never had much trouble from employee 
exposure to beans or pomace. However, there had been cases reported among 
employees of neighboring plants. In 1929, 279 cases of allergy were reported from 
castor beans involving workers in other plants; 117 more were reported in 1930, 
and 38 cases as late as 1940, Apparently, these cases of sensitization resulted from 
castor bean dust in the air from the operation of the extraction plant. Dermatitis 
and asthma were the principal results of this sensitization. 

The dust got into the air principally from the emptying of the bags of castor 
beans, from the bean-cleaning operation, the automatic scales for batch weighing, 
the room where the oil was extracted with naphtha and the meal dried, and from the 
pomace-bagging operations. Exhaust equipment and bag-type dust collectors were 
installed on all of these operations to control the dust. The plant continued to 
operate without further difficulty until destroyed by fire in 1944. It was never 
rebuilt 
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EXPOSURE TO METHYLENE CHLORIDE VAPOR 


SAMUEL MOSKOWITZ, Ch.E., Ph.D. 


NEW YORK 
AND 


HARRY SHAPIRO, M.D. 
NEW ROCHELLE, N. Y. 


HIS IS a report of an accidental industrial exposure of four men to methylene 
chloride vapor, in which one died. The remaining three recovered without 
sequelae, aiter varying periods of unconsciousness. 

Methylene chloride, or dichloromethane, is a compound derived from methane 
by the substitution of two chlorine for two hydrogen atoms in the methane molecule. 
Its formula is CH2Cly. Its boiling point is 40.1 C., and its vapor pressure at 22 C. 
(72 F.) is 380 mm. of mercury, about half that of a normal atmosphere. Air in 
contact with the liquid, which is in equilibrium with its vapor at 22 C., has a con- 
centration of 500,000 parts per million by volume. The molecular weight of the 
compound is 84.9. The specific gravity of the saturated vapor-air mixture at room 
temperature is 1.97, nearly twice that of air alone at the same temperature. The 
high density of the vapor and of vapor-air mixtures has an important bearing on the 
case to be discussed. 

INDUSTRIAL USES 

In recent years the industrial uses of this solvent have increased considerably. 
According to Fairhall,’ its production had more than trebled in the five-year period 
between 1941 and 1946, and in the latter year alone the amount produced in this 
country was 13,987,000 Ib. (6,344,503 kg.). 

It is chiefly used industrially as a major component of nonflammable paint remov- 
ers and as a refrigerant in air conditioning. As a solvent for fats, oils, waxes, and 
other organic substances it compares favorably with any in the chlorinated solvent 
group. Because of its relatively high cost, it has not been used extensively as a sol- 
vent except where its low boiling point has made it more suitable for the extraction 


of essential oils and other materials which are adversely attected by higher tempera- 
tures. There has been a recent recommendation that methylene chloride, to the 


extent of 250 by volume, be mixed with Stoddard Solvent (petroleum naphtha ) 


From the Division of Industrial Hygiene and Safety Standards, New York State Department 
of Labor 


Presented at the Annual Meeting of the American Industrial Hygiene Association, 
Cincinnati, April 23, 1952 


Fairhall, L. T.: Industrial Toxicology, Baltimore, Williams & Wilkins Company, 1949, 
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and perchlorethylene to produce a solvent to be used for the cleaning of electrical 
motors.” It is claimed that this mixture does not affect electrical insulation but will 
dissolve grease and has low flammability. 


TOXICOLOGY 


Methylene chloride has been regarded as one of the least toxic of the chlorinated 
hydrocarbons. In common with other members of the group it has for its principal 
effect on the organism a narcotic action which led to its being adopted as an 
anesthetic in Germany some 30 years ago. However, in this connection its use 
was short lived, and it gradually came into disfavor because of its undesirable side 
effects. Several deaths have been reported as a result of its being used as a 
general anesthetic.® 

Aside from its narcotic action, little is known of the toxic effect of this compound 
on man. The maximum allowable concentration set by the American Conterence 
of Governmental Industrial Hygienists is 500 ppm.* In the past it has been looked 
upon as relatively innocuous, and death from industrial exposure has not, to our 
knowledge, been previously reported. Heppel and co-workers ® concluded that con- 
centrations as high as 5,000 ppm would probably not be tolerated for very long 
by human beings but found that such concentrations were well tolerated by rats, 
rabbits, and dogs exposed seven hours per day tive days per week for a period of 
six months. Growth was retarded in guinea pigs, but the animals appeared to be 
in good condition. A concentration of 10,000 ppm produced liver damage in dogs 
and guinea pigs exposed for four hours per day five days per week but not in 
monkeys, rabbits, or rats after 7/2 weeks of exposure. This concentration caused 
light to moderate narcosis in guinea pigs, and several of the animals died, apparently 
because of pulmonary congestion and edema. Heppel and Neal® in later work 
reported that a concentration of 5,000 ppm caused a great diminution of running 
activity in young male rats, although the animals did not show any depressant effects 
én inspection. Svirbely and associates * reported the L. D.59 of this compound for 
nice as 56.23 mg. per liter (16,186 ppm). 

According to Lehmann and Flury,* a concentration of 310 ppm can just be 
detected by its odor, one of 2,300 ppm causes nausea after 30 minutes, and one of 
i 

2. Chlorine Products Bull. S 6-748, Electrochemicals Department, FE. I. du Pont de Nemours 
and Company. 

3. Browning, E.: Toxicity of Industrial Organic Solvents, London, Medical Research 
Council, 1937, p. 128. 

4. Threshold Limit Values for 1951, Adopted at the Meeting of the American Conference 
of Governmental Industrial Hygienists, Atlantic City, N. J., April 22-27, 1951; A. M. A. Arch. 
Indust. Hyg. 42398, 1951. 

5. Heppel, L. A.; Neal, P. A.; Perrin, T. L.; Orr, M. L., and Porterfield, V. T.: 
cology of Dichloromethane (Methylene Chloride): | 
J. Indust. Hyg. & Toxicol. 26:8, 1944. 

6. Heppel, L. A., and Neal, P. A.: Toxicology of Dichloromethane (Methylene Chloride) : 
II. Its Effect upon Running Activity in the Male Rat, J. Indust. Hyg. & Toxicol. 26:17, 1944. 

7. Svirbely, J. L.; Highman, B.; Alford, W. C., and von Oettingen, W. F 
and Narcotic Action of Mono-Chloro-Mono-Bromo Methane 


Toxi- 
. Studies on Effects of Daily Inhalations, 


: The Toxicity 
with Special Reference to 
Inorganic and Volatile Bromide in Blood, Urine and Brain, J. Indust. Hyg. & Toxicol. 29:382, 
1947. 

8. Lehmann, K. B., and Flury, F.: Toxikologie und Hygiene der technischen Lésungsmittel, 
Berlin, Springer-Verlag, 1938, cited by Heppel, Neal, Perrin, Orr, and Porterfield.5 
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7,200 ppm causes paresthesias of the extremities after eight minutes, as well as 
congestion in the head, a sense of heat, and slight irritation of the eyes. 

A deep narcosis can be produced in man in 30 minutes by a concentration of 
20,000 ppm." However, the difference in dosage between narcosis and death is 
narrow."" This is one of the reasons its use as an anesthetic was discontinued. 


THE FACTORY 

The factory in which the fatal exposure to methylene chloride vapor occurred is 
engaged in the manufacture of an oleoresin extracted from dried plant material. 

The building 1s one converted from an old apartment house. The structure is 
approximately 50 by 30 ft. (15 by 9 meters) in area and approximately 60 ft. (18 
meters) high. All internal partitions and flooring had been removed and had been 
replaced with metal-grill-work platforms and staircases. Steel beams and columns 
were introduced to support the equipment in the building. The manufacturing 
plant, therefore, in effect is a single large room. There are windows on three 
sides of the building. However, since the exposure to be described occurred during 
a winter night, it is highly unlikely that any of the windows was open. 

The manufacturing building is connected, at basement level, with an adjoining 
building in which, on upper stories, are situated the company’s offices, storage space. 
etc. The basement level of the office building is provided with toilets and a dressing 
room used by the plant personnel. The fire door between the buildings at the base- 
ment level is usually kept open. 


OPERATION AND EQUIPMENT 


The vegetable material, ground to about 34-in. (about 2-cm.) size, is placed in 
one of the several copper percolators, each capable of holding about 8,000 gal. 
(30,282 liters). After the percolator is charged, its door is closed, and about 2,000 
gal. (7,570 liters) of methylene chloride is piped in from either an outdoor under- 
ground tank or from a 3,000-gal. (11,356-liter) indoor tank situated near the ceiling 
of the building, or it may be supplied from one or more condensers. Each of the 
percolators is equipped with a safety valve to prevent the building-up of excessive 
pressure. 

After 36 to 48 hours of extraction by refluxing of the fluid, the methylene chlo- 
ride solution is drawn from the bottom of the percolator to steam-heated pot stills. 
The steam pressure on the heating coils 1s 6 to 7 pounds per square inch (psi) ; the 
full-line pressure is 12 to 14 psi. The methylene chloride vapor evolved from the 
boiling solution is condensed in water-cooled condensers. The condensate is piped 
to an indoor tank or to one of the percolators in which extraction of another batch 
of vegetable material is in progress. Air which is present in the lines to and from 
the condensers, and in the receivers, is returned to the workroom atmosphere. 
The water used for cooling the condensers is pumped from deep wells and has a 
uniform temperature of 45 to 49 F. At these temperatures the vapor pressure of 
methylene chloride is about 175 to 220 mm. of mercury. The distillation is continued 
until the extract is free of solvent. The concentrated extract is then drained from 

9. (a) Henderson, Y.. and Haggard, H. W.: Noxious Gases and the Principles of Respi- 
ration Influencing Their Action, Edition 2, New York, Reinhold Publishing Corporation, 1943, 
p. 201; (b) ibid., p. 205; (c) p. 180. 
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the still and is used as the oleoresin in future processing, which does not involve 
the use of volatile solvents. 


After the extract-solvent solution is drained off, the vegetable material leit in 
the percolators is still wet with methylene chloride. Low-pressure steam is then 
admitted to the percolator. As the temperature in a percolator rises, the methylene 
chloride distills over and is condensed in one of the water-cooled condensers, the 


condensate being stored or re-used in another percolator, The steaming is continued 
until all the methylene chloride is volatilized and the vapor displaced from the per- 
colator. The spent vegetable material is then cooled by the addition of cold water. 
After the percolator has been cooled to room temperature, the vessel is reopened 
and the charge is raked out. The vessel is then ready for a fresh charge. 


The charging and emptying of percolators is done only during the first shift 
(8 a. m. to 4 p. m.) or during the first few hours of the second shift (until about 
6 p.m.). During the hours between 6 p. m. and & a. m. a small group of operators 
controls the flow of liquids from one vessel to another, the distillation of solvent 
from the stills, and the pumping of water to the condensers. The operators also 
observe and record operating temperatures, ete. One fireman is stationed in a 
separate building, reached only from the outdoors, in which the steam boilers are 
situated. 


It will be noted that although most of the operations are performed in closed 
vessels and that all the conveyance of liquids or vapor is through a closed system, 


there is opportunity for the vapor or the air-vapor mixtures to escape into the work- 
room through the vents in the inside supply tank and the percolators and possibly 
also through the saftey valves on the percolators. The company reported a loss of 


about fifteen 55-gal. drums of methylene chloride per week. Plant operators were 
instructed to leave the building as soon as they could detect the odor of the solvent 
(presumably when the concentrations were over 310 ppm) and to notify the boiler- 
room engineer to discontinue the supply of steam to the plant. 


THE ACCIDENT 


One winter morning, at about 7:15 a. m., the first-shift foreman, reporting for 
work, found all four people in the plant unconscious, and a strong odor of methylene 
chloride vapor in the plant. One of the men in the plant was found on the first floor 
of the plant. He was dead when the ambulance arrived. Two others were found 
in the toilet and another in the dressing room in the basement of the adjoining 
building. The foreman went to the boiler room and shut off the steam, and called 
for an ambulance. 


The operator who was found in the dressing room reported later that he left 
the plant for the dressing room at about 4:30 a. m., where he lost consciousness. 


He has no further recollection of the accident. Of the two who were found in the 


toilet, one was the fireman who left the boiler room at about 6:30 a. m. to wash up 


before leaving for the day. His friend, waiting for him to return to the boiler room, 
became impatient and went to the toilet to look for him. Both reported that they 
could not remember detecting the odor of methylene chloride, nor could they 


remember any details of the accident. The three who recovered regained con- 


sciousness at about 10 a. m., which was about 2'2 hours after they were removed 
from the plant. 
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\ccording to reports, the plant began operating again at about 2:30 p.m. No 
break or leak could be found in any part of the equipment. The pump forcing cold 
water to the condensers was in satisfactory operating condition and was, in fact, 
functioning when the plant manager entered the building. The manager could 
offer no explanation for the episode. It seems likely, however, that the stills were 
evaporating solvent faster than the condensers could recondense the vapor, and that 
the excess vapor spilled over through vents in the receivers into the workroom. 
Since the solvent vapor has a high density, it would tend to sink toward the floor 
of the building. It is significant, therefore, that the operators were affected when 
they entered the lowest portions of the building. The operator who died was found 
only a few feet above the lowest level. None of those who recovered could remember 
smelling any solvent. The foreman who discovered them, however, was sure he had 
detected a strong odor of methylene chloride at the time. This would tend to sug- 
gest the possibility that a pocket of high concentration, rather than a slowly increas- 
ing concentration, of the vapor resulted from the spilling of vapor to the lower level 
of the plant. Another possibility is that the foreman, coming from the outside, 


could smell a concentration of the vapor which those working in it could not detect. 


SAFETY PRECAUTIONS 

Phis plant had no provisions for supplying its employees with gas masks or 
other respiratory protective devices. When leaks or breaks had occurred in the 
past, employees left the building on detecting the odor of the vapor, notified the 
engineer to discontinue furnishing steam, and waited for natural ventilation to clear 
the building of vapor before reentering it to make repairs. 

\s a result of this accident, and at our suggestion, the company installed a 
blower to force outdoor air into the building, and an exhaust blower elsewhere in 
the room to provide general mechanical ventilation in the plant. Vents from the 
indoor storage tank, from all other receivers of methylene chloride, and from the 
safety valves on the percolators were all connected to pipes leading to the outdoors 
and ending about 6 ft. (182 em.) above the roof. A warning system was installed. 
This consists of numerous push buttons throughout the plant. The result of push- 
ing any one button is the sounding of a loud alarm in the boiler room. The sound- 
ing of the alarm cannot cease until the engineer or the fireman present manually 
resets the alarm. The sound of the alarm is a signal for the shutting-off of the 
steam supply to the plant. An alarm ts also connected to the condenser water pump. 
\ny interruption in the supply of water to the condensers also results in a signal 
to the boiler room to discontinue the supply of steam. 

Phe plant has been in operation for five years since the installation of the safety 
devices without any accident of the type described above or other injury to the 
health of the workers. However, because of decreased demand for the product 
only a single day-shift has been in operation for the past few years. The two 
employees who recovered and who had been working at the plant from four months 
to one vear before the accident continued to work there for 15 months after the 


accident with no apparent ill effects. 
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CASE REPORTS 


The following case reports were abstracted from the records of the hospital to 
which the men in the plant were taken: 


1. J. L., a 57-year-old white man, was merely a visitor to the plant. He was unconscious 
when discovered and was promptly removed to the hospital, where he arrived in a semiconscious 
condition. He was discharged as recovered four days later. 

On admission his temperature was 96 F. It rose to 100 F. the next day and dropped to 
98.2 at the time of his discharge. His pulse rate varied from 70 to 100 per minute. He coughed 
occasionally, complained of severe cramps in both legs, and of eye irritation. Physical exami- 
nation revealed marked irritative conjunctivitis and lacrimation. His chest was clear; his heart, 
normal; there were no other significant clinical findings 

The urine, examined two days after admission, was normal. The blood count at this time 
was as follows: hemoglobin, 78%; red blood cell count, 3,950,000; white blood cell count, 
10,500; polymorphonuclear cells, 71%; lymphocytes, 27% ; eosinophiles, 2%. 

2. R. K., a 49-year-old white man, had been employed in the plant for four months prior 
to the accident. Found unconscious in the plant, he arrived at the hospital in a drowsy state. 
He, too, was discharged as cured four days later. 

On arrival in the hospital he appeared cyanotic; his pulse rate was 82 and weak; respirations 
were 24 per minute. He was coughing and showed signs of irritation of the upper respiratory 
tract. Physical examination showed his lungs and heart to be normal. There were no other 
clinical findings of interest. His temperature was normal throughout his stay in the hospital. 

The urine, examined two days after admission, was normal. The blood count, made at the 
same time, was as follows: hemoglobin, 76% ; red blood cell count, 3,550,000; white blood cell 
count, 11,100; polymorphonuclear cells, 75% ; lymphocytes, 23% ; eosinophiles, 2%. 
3. H. A., a white man aged 50 years, had been employed at the plant for one year prior 
to the accident. He was found unconscious in the plant. He was in a drowsy state when he was 
admitted to the hospital. 

On arrival at the hospital he showed signs of contusion of the forehead; his skin was cold 
and clammy; his nose and throat were reddened and congested, and he was coughing. His 
temperature, which was 99 F. on admission, rose to 101 F. on the fourth day. His pulse rate 
varied from 78 tu 88 per minute; respirations were 24 per minute. Physical examination revealed 
signs of acute bronchitis with wheezing and moist rales. His heart was normal. There were 
no other significant clinical findings. ‘ 

The urine, examined two days after admission, was essentially normal. The blood count, 
done at the same time showed the following: hemoglobin, 79% ; red blood cell count, 3,690,000; 


white blood cell count, 12,000; polymorphonuclear cells, 79% ; lymphocytes, 18%; eosinophiles, 
2%. 

He was discharged as cured eight days later. 

4. W. M., a 55-year-old white man, who was pronounced dead by the ambulance surgeon 
on arrival, had been employed in the plant for seven months prior to the accident. The significant 
autopsy findings were as follows: 


AUTOPSY OBSERVATIONS ! 
Inspection showed small abrasions on the right side of the forehead. Post- 
mortem rigidity and lividity were present. 

When the head was opened, the dura mater was found adherent to the skull. 
The brain weighed 1400 gm. There was no evidence of hemorrhage, trauma, or 
tumor; the veins of the pia-arachnoid were conspicuously engorged; the convolu- 
tions were well defined. There was no evidence of fracture. The brain was saved 
for chemical analysis. 


10. By courtesy of the Chief Medical Examiner of the City of New York. 
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On removal of the sternum there were no free fluids in the body cavities. The 
lungs were voluminous, having a combined weight of 1,800 gm., and showed 
advanced anthracotic staining. There was marked emphysema of the left apex, 
below which the organ was puckered and scarified. The right apex was also puckered 
and scarified. The lungs were not sectioned but were saved for chemical analysis. 

The peribronchial glands were dark black and strikingly increased in size and 
number. The blood which escaped into the pleural cavity was dark red and did 
not clot. A large amount of frothy fluid escaped from the bronchial tree. 

The heart appeared parboiled. Its weight was 320 gm. The epicardial fat was 
slightly increased in amount. , The ventricles were dilated, with the wall of the left 
ventricle 34 in. (1.9 cm.) thick and the wall of the right ventricle 1/16 in. (1.6 mm.) 
in thickness. The mural and valvular endocardium was slightly thickened; there 
were no fresh vegetations. There was moderate atherosclerosis of the aorta. The 
coronary vessels were patent. The foramen ovale was closed. 

The liver was dark red, with rounded edges; its weight was 1,600 gm. On 
section the cut surfaces glistened and were dark brown. The venous radicles and 
the portal vein were markedly dilated. 

The stomach was distended with air but otherwise was normal. 

The capsule of the spleen was bluish and somewhat thickened. The weight of 
the spleen was 320 gm. The cut surface was dark red; the pulp, firm. 

The gall bladder was essentially normal; it emptied readily on squeezing. 

The pancreas was normal in situ; it was lobulated; the cut surface was granular. 

The adrenals were normal in situ, chrome yellow in color, cystic on section. 

The kidneys were purplish and deeply congested. Their combined weight was 
500 gm. On section the cortex was distinctly swollen; the medullary pyramids, 


compressed. 


\ll other findings were without significance. 


The results of the chemical examinations were as follows: In the brain ethyl 
(grain) aleohol was absent, methyl (wood) alcohol was absent, and methylene 


chloride was present. In the lungs, methylene chloride was present (0.1 ec. in 500 
gm. of tissue). 


COMMENT 


Methylene chloride, like the other chlorinated hydrocarbons, has a definite 
anesthetic effect when inhaled in sufficient quantity. Methylene chloride has 
approximately the same anesthetic potency as carbon tetrachloride and only slightly 
less than that of chloroform. However, from the history of methylene chloride used 
as an anesthetic it is known that there is but a slight ditference between the amounts 
required to induce unconsciousness and complete immobility, respectively—i. e., 
surgical anesthesia and death. 

In the four cases cited in this paper it is apparent that all the men were com- 
pletely unconscious for periods of about three to six hours after having been exposed 
to methylene chloride vapor for periods of from less than.one hour to about three 
hours. It may be important to note that the man who died was found in the plant 
proper rather than in the dressing room adjoining the workroom. 

The action of an anesthetic vapor or gas is that of a depressant of the central 
nervous system, particularly the brain. Many anesthetics have no action on the 
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body other than their ability to produce narcosis; others can cause organic damage 
as well as narcosis. Methylene chloride was found to produce liver damage in 
dogs and guinea pigs but not in monkeys, rabbits, or rats. The autopsy report of 
this investigation did not indicate any pronounced etfects on the liver or the kidneys, 
nor on other organs. However, the three men who recovered from their acute 
exposure were found to have low hemoglobin values and red blood cell counts. It ts 
possible that previous continued moderate exposure to methylene chloride vapor, 
rather than the single acute exposure, may be responsible for these changes. 

It is interesting to note that the concentration of methylene chloride in the lung 
tissue of the man on whom autopsy was performed one day after death was 0.1 ce. 
per 500 gm. of wet tissue. If one were to assume an approximately equal concen- 
tration in the blood and the brain, this would be about 0.27 gm. per liter. The con- 
centration of chloroform which causes unconsciousness is approximately 0.25 gm. 
per liter of blood.** 

In view of the rarity of methylene chloride poisoning one would wish that more 
complete medical studies had been carried out in these cases. Nevertheless, the 
medical data which are available in these cases, however limited, provide some 
insight into the toxicological etfects produced by methylene chloride vapor upon 
persons exposed under the conditions above described. The significant findings 
may be brietly summarized as follows: 

1. Irritation of the eyes and upper respiratory passages. 


2. Irritation of the bronchi and lungs. 


3. Possible adverse effects on the hemopoietic system as evidenced by the 
reduced hemoglobin value and red cell count in the cases of those who recovered. 
This is possibly the result of chronic exposure rather than of the single acute 
exposure. 

CONCLUSION 

An opportunity was afforded to learn something of the toxicological effects of 
methylene chloride on man by an accidental industrial exposure sufficiently great to 
cause the death of one worker and unconsciousness in three others. While the 
cases were not worked up medically as completely as one would have desired, there 
are data to indicate that, in addition to the better known narcotic and irritant actions 
of this vapor, it is capable of causing injury to the hemopoietic system. 


524 North Ave. (Dr. Shapiro). 
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INSTRUMENTS FOR MEASURING SECONDARY RADIATION 


WILLARD W. VAN ALLEN, B.Sc. 
ROCKVILLE, MD. 


N STUDYING radiation hazards in the vicinity of x-ray equipment or in the 

presence of radioactive isotopes, it is necessary to measure the amounts of radia- 
tion at various locations surrounding the source of radiation. In the case of roentgen 
therapy, in which exposure is relatively prolonged, this can readily be done through 
the use of commercially available radiation-monitoring instruments, which give read- 
ings in milliroentgens (mr.) per hour. This type of equipment, however, is not 
at all suitable for measuring radiation in diagnostic x-ray installations, where expo- 
sures are often as brief as 0.1 second. Since the time constant of radiation-rate 
meters is seldom less than 2 seconds, an integrating meter of some sort is required 
in order to obtain reliable readings. 

Some integrating instruments, such as the pocket ionization chamber or 
Victoreen Condenser R-Meter, provide reliable readings of as low as 20 mr. Other 
dosimeters with large chambers may be used for radiation measurements as low as 
U.l mr. However, the amount of radiation encountered in positions where techni- 
clans or operators may be working (behind protective lead screens, for example ) 
may be as low as 0.01 mr. or less per exposure. Consequently, meters of this 
particular type must be left in each position for an inconveniently large number of 
exposures for each reading. 

An alternative procedure which is frequently used is to substitute for the patient 
a scattering phantom of presdwood or some other material, and to use an ordinary 
radiation-rate meter or dosimeter at various locations near the x-ray equipment. 
With this arrangement, however, prolonged exposures are required before readings 
can be obtained, so that x-ray generator milliamperage must be set at a very low 
value in order to prevent damage to the x-ray tube. 

The disadvantages of this particular procedure are numerous. First, it is 
necessary to convert the readings so obtained to equivalent values per normal 
exposure. Furthermore, it is extremely difficult to correlate the scattering produced 


by the phantom with that encountered in the wide variety of conditions which may 


he found in normal radiographic practice. With this method, too, it is necessary to 


interrupt regular equipment operation. \ further major disadvantage can be found in 
the fact that some types of x-ray equipment, especially photofluorographic apparatus, 
cannot be conveniently adjusted to provide milliampere loads low enough to permit 


the prolonged exposures which the method entails. 


Mr. Van Allen is Physicist of the Electronics Laboratory, Division of Chronic Disease and 
Tuberculosis, Public Health Service, Federal Security Agency. 
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Recent studies conducted by this laboratory on the secondary radiation fields 
surrounding photofluorographic equipment ' indicate clearly the advantage of using 
a seli-contained, integrating type of radiation meter which is sensitive enough to 
provide readings for single, normal exposures in those areas usually occupied by 
operating personnel. With this meter it was possible to conduct radiation surveys 
without interrupting regular activities, by using the patients themselves as the means 
for scattering radiation. Thus, it was possible to avoid the use of phantoms and 
to obviate the need for adjusting the equipment and for converting the results. 

Although the original instrument used in the studies referred to above was 
specially constructed for the purpose, it has since been found that at least one of 
the many types of radiation-survey meters which are commercially available can 
readily be converted from a rate meter to an integrating meter, with provision for 
two or more ranges of either type. With some very simple modifications, the meter 
is suitable for almost any radiation-survey problem. 

The basic circuit of the ionization-chamber radiation-rate meter is shown in 
Figure 14. lonization current flowing through the chamber as a result of radiation 


produces a voltage drop across the resistor (2). This voltage drop is proportional 


8 


Fig. 1.—Basic circuit of the ionization-chamber radiation-rate meter; 4, with a resistor; 
RB, with a condenser substituted for the resistor. This modification makes the instrument an 
integrating meter. 


to the intensity of the radiation. If the resistor (7?) is replaced by a condenser 
(C) as shown in Figure 148, the ionization current charges the condenser to a 
voltage proportional to the total amount of radiation received by the chamber. 
With this modification the instrument becomes an integrating meter. 

Multiple ranges are commonly provided in radiation-rate meters by switching 
circuits similar to those shown in Figure 2. One method of modifying such instru- 
ments to provide integrating action is to insert a condenser at Y, as shown by the 
dotted lines in Figure 2, and to remove one of the resistors. With these modifica- 
tions, the instrument gives integrated readings with the range selector switch 
turned to the position from which the resistor has been removed. The condenser is 
discharged between readings by moving the selector switch momentarily to the 
“zero” position, thus short-circuiting the condenser. The disadvantage of this 
method of modification, however, is that only one integrating range can be provided, 
and the instrument cannot conveniently be used as a rate meter. If the selector 
switch is turned to one of the remaining resistor positions, the shunting effect of 
the condenser results in a prohibitively long time constant. 


1. van Allen, W. W.: Secondary Radiation Fields Surrounding Photofluorographic Equip- 
ment, Radiology 56:832-841 (June) 1951. 
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An alternative method is to replace one or more of the resistors by condensers. 
\ means for discharging the condensers between readings must then be provided 
by inserting a momentary-contact switch at X. This method of modification has 
the advantage of permitting the instrument to be used both for integrated readings 
(with the selector switch at one of the condenser positions) and for rate readings 
(with the selector switch at one of the resistor positions ). 

There is a disadvantage, however, in that it is necessary to add the short-circuit- 
ing switch, which must be of such high quality as to prevent leakage completely. 
This disadvantage can be overcome but requires the exercise of great care and skill. 


ic 


liy 
B 


Radiation-rate meters with multiple ranges provided by switching circucts. Set 
modifications converting these instruments into integrating meters capable of both 
readings and rate readings 


Fig. 3 1, range-selecting circuit of a commercially available radiation-survey instrument 
that offers nearly ideal possibilities for any modification needed. See text for further expla- 


nation. #, circuit shown in 4, as modified by the Electronics Laboratory to meet its particular 
needs, 


Figure 3.1 depicts the range-selection circuit of a commercially available radia- 
tion-survey instrument that offers nearly ideal possibilities for modification. This 
circuit is similar to that shown in Figure 2B, except that a section has been added 
to the selector switch by which all range elements but the one actually in use are 
grounded. .\s many condensers as desired may be used to replace the resistors, so 
that the instrument can provide any combination of four integrating and rate ranges. 
Furthermore, the means for discharging the condensers between readings are pro- 
vided inherently. 

Since the common connection of range elements (}") is not at ground potential, 
it is necessary to change the connection from the shorting section of the selector 


2. Radiation Survey Meter, model SUIE, manufactured by Tracerlab, Boston. 
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switch from ground to Y (Fig. 38). This does not affect the operation of 
either the rate ranges or the integrating ranges of the meter, except to allow dis- 
charge of the condensers without disturbing the “zero” setting of the meter. Thus 
the meter is returned to “zero” between readings merely by turning the selector 
switch momentarily to the next position, and then returning it to the desired range. 

Figure 3B shows the circuit of this meter as modified by this laboratory along 
the lines detailed above. Obviously, any other combination may be used to meet 
particular needs. In any case, however, at least one of the original rate-meter 
ranges should be retained in order to provide a means for the approximate calibra- 
tion of the integrating ranges. 

It will be noted from the diagram in Figure 3/ that one resistor was removed 
and no condenser substituted. This made it possible to provide an integrating 
range of maximum sensitivity, using only the distributed capacity of the grid and 
ionization chamber. The high quality of the instrument’s insulation is evidenced 
by the fact that this extremely low capacity was possible without more than the 
slightest drift of the meter. Under these conditions, full-scale readings were obtained 
at 60 microroentgens, allowing readings to be made as low as 1 microroentgen. 

The full-scale integrating ranges of the altered meter will depend upon the values 
of capacity inserted and the individual instrument itself. In the instrument used 
by this laboratory, full-scale ranges of 6.0, 0.6, and 0.06 mr. were obtained by the 
use of condensers of 0.0002 and 0.00002 microfarads, respectively, for the first two 
ranges, and no condenser at all for the last of the ranges. High-grade, low-loss 
condensers such as the silver-mica type must be used, and due care must be exer- 
cised to preserve the nearly perfect insulation at the mounting points. Other than 
this, the modifications described present no difficulties and can be accomplished 
with a soldering iron and a pair of long-nosed pliers in about 30 minutes. 

Instruments altered in the manner described above have been in use at this 
laboratory for more than a year and have proved satisfactory in every respect. They 
otfer all the advantages of self-contained meters of high sensitivity for both total 
dosage and dose-rate applications. Stability is excellent, and the meters show 
strict linearity. Moreover, they permit the conduct of rapid radiation studies with- 
out prolonged exposures, the need for phantoms, or interruption of normal radio 
logical procedures. 


336 Commerce Lane. 
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ACRYLONITRILE: SPECTROPHOTOMETRIC DETERMINATION, ACUTE 
TOXICITY, AND MECHANISM OF ACTION 
HEINRICH BRIEGER, M.D. 
FREDRIC RIEDERS, Ph.D. 
AND 


WILLIAM A. HODES, A.B. 
PHILADELPHIA 


CRYLONTERILE: 1s widely used in the manufacture of synthetic rubbers and 
A fibers, plastics, plasticizers and adhesives, as a pesticide, and as an inter- 
mediate for various products. At present, about 55% of the total is consumed for 
mitrile rubber, 300% for synthetic fibers, and the remainder for plastics and other 
appheations.' It has been estimated that by 1960 the annual demand for acrylonitrile 
in the manufacture of polyacrylic fibers and nitrile-type rubbers alone will reach 
at least 300 million pounds (136,080,000 kg. ).* 


Comprehensive information on the physical and chemical properties of acrylo- 
nitrile 1s contamed in recently published reviews. 


The tollowing facts about aerylo- 
nitrile 


are of toxicologic interest: The liquid compound is miscible with most 
organic solvents: at 25 (¢ 


2 it is soluble in water to the extent of 7.59 by weight, 
with a rapid increase in solubility at temperatures above 25 C, (Fig. 1) ; it is volatile 


at room temperature, its vapor pressure being 105 mm. Ig at 25 C. 


\erylonitrile is known to be toxie when ingested, inhaled, applied to the skin, or 
admumistered parenterally 


The toxicity to animals ditters between species. Several 


cases of accidental human poisoning have been reported.” Most of these accidental 


pported in part by a grant from the American Cyanamid Company. 


Meeting of the Industrial Medical Association, Atlantic City, 


dustrial Medicine and the Department of Pharmacology, The 


‘Ve, 


lames, R, rvlomtrile, Chem. Industries Week 68:19 (Jan. 
Stati Report, Chem. & Engin. News 29:2552 (June 25) 1951. 
\merican Cyanamud Company: The Chemistry of Acrylonitrile, Nitrogen Chemicals 
Bayer, O.: Die Chemie des Akrylnitrils, Angew. Chem. 61:229, 1949. 
M \cerylomtrile, Am. Petroleum Inst. Toxicol. Rev. Sept., 1948. (d) Kozi, M.: 
\ Review in English, Chem. Rev. (Japan) 5:617, 1939, 
quoted by Chinnton.“e (>) Dudley, H. C., and Neal, P.-A.: Toxicology 
ile: I. A Study of Acute Toxicity, J. Indust. Hyg. & Toxicol. 24:27, 1942. (¢) 
Ventox und Ventox-Vergiftung, Deutsche med. Welnschr. 74:1081, 1949. (d) 
Uber perkutane Vergiftung mit Akrylnitril (Ventox), ibid. 75:1087, 1950.  (e) 
Rk. oH Health Hazards Encountered in the Manutacture of Synthetic Rubber, 
J. A. M. A. 224:701, 1944.) (f) Wilson, R. H., and McCormick, W. E.: 


Acrylonitrile: Its 
Physiology and Toxicology, Indust. Med. 18:243, 1949, 
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poisonings were caused by inhalation of excessive concentrations in air or by pro- 
longed skin contact. However, only two fatal cases have been recorded.’ In one 
instance a child who slept in a room which had been fumigated with acrylonitrile 
(“ventox”) died during the night, while adults who occupied the same premises 
experienced but little discomfort. The second fatal poisoning occurred also in a 
child. In this case “ventox” was used as a pediculicide, and the compound may 
have been absorbed through the scalp or inhaled as a vapor. In both cases, pink 
coloration of the face, extensive lividity, liquidity of the blood, hyperemia, and con- 
gestion of all viscera were noted at autopsy. In the first case the organs had a 
“mustard oil odor like that of acrylonitrile.” 

The industrial health hazard arises primarily from exposure to the vapor of 
acrylonitrile. So far, the known industrial poisonings have all been mild; the 
patients had some jaundice, anemia, and vague general symptoms. In studies on 
animals exposed to the vapor of acrylonitrile, Dudley and associates *® and other 
authors * have made observations suggestive of irritation and hypoxia, but the latter 
are not sufficiently definite to constitute proof, 


ACRYLONITRILE IN WATER 
PER CENT BY WEIGHT 


20 40 60 80 100 
TEMPERATURE C 


Fig. 1—Solubility of acrylonitrile in water. 


Since the concentrations of acrylonitrile in air were not accurately determined 
either in the cases of human poisoning or in the animal experiments, an exact quan- 
titative evaluation of the vapor toxicity of the compound is not available. The 
mechanism of the toxic action of acrylonitrile has not been established. Some investi- 
gators have suggested that acrylonitrile and other aliphatic nitriles are split in the 
body, with liberation of inorganic cyanide, while others deny that acrylonitrile is 


converted to cyanide in vitro or in vivo. The experiments described in this paper 


5. Grunske.4¢— Lorz.44 


6. (a) Dudley, H. C.; Sweeney, T. R., and Miller, J. W.: Toxicology of Acrylonitrile: 
II. Studies of Effects of Daily Inhalation, J. Indust. Hyg. & Toxicol. 24:255, 1942. (h) 
Lawton, A. H.; Sweeney, T. R., and Dudley, H. C.: Toxicology of Acrylonitrile: IIT. Determi- 


nation of Thiocyanate in Blood and Urine, ibid. 25:13, 1943. Dudley and Neal. 

7. (a) Mallette, F. S.: Industrial Hygiene in Synthetic Rubber Manufacture, Indust. Med. 
12:495, 1943. (bh) McOmie, W. A.: Comparative Toxicities of Methacrylonitrile and Acrylo- 
nitrile, J. Indust. Hyg. & Toxicol. 34:113, 1949. (¢) Levina, E. N.: toksikologii nitrila 
akrilovoi kisloty, Gigiena i Sanit. 2:34, 1951. 
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were undertaken to obtain exact data on the acute vapor toxicity of acrylonitrile and 
to determine whether its toxic action 1s due to its being converted to cyanide in the 
body 

SPECTROPHOTOMETRIC DETERMINATION OF ACRYLONITRILE 


Procedures which have been used for, or which might be adapted to, the identification 


and quantitative estimation of small amounts of acrylonitrile are summarized in Table 1. Of 


these procedures, only the modified Kjeldahl method of Petersen and Radke * has been reported 
as accurate tor quantitation of less than 100 ppm acrylonitrile in air. This method, however, 
requires slow sampling of large quantities of air, especially if the concentrations are low. 

lo facilitate frequent and quick determinations of the vapor concentrations of acrylonitrile 
in the exposure chamber, a rapid procedure based on the ultraviolet absorption spectrum of 
aqueous solutions of acrylonitrile was developed. The spectral absorption measurements were 


made with a Beckman DU Quartz Spectrophotometer equipped with U.V. accessories. Quartz 
1 
cell 


s of lem, light-path length were used. Acrylonitrile was purified by fractional distillation 
under reduced pressure 


Taste 1—Methods Applicable or Adaptable to the Determination of Acrylonitrile 


iravimetrie Titrimetrie Instrumental 
Piperidine picrate (a) Kjeldahl methods (e) Interferometry (/:) 
Morpholine picrate ()) Thiol or thioacid addition Infrared speetroscopy (1) 
Amine derivatives (c) compounds (f) Polarography (7) 
Phenol condensate (d) Hydrolysis (9) 


(a) Brockway, C. E Qualitative Tests for Aerylonitrile, Anal. Chem. 20:1207, 1949 
(b> Palk, W Bibliography of Scientifle and Industrial Reports, 9:1085. Quoted by American Cyanamid 
Company.** Brockway (a) 
Wiedeman, ©. F., and Montgomery, W. H.; Some Amine Derivatives of Aerylonitrile, J. Am. Chem 


Soe, 67:1%4, 1445. Cutter, H. B., and Taras, M.: Identification of Nitriles, Indust. & Engin. Chem. (Anal 
Fal.) (32830, 1041 


Howells, H. P., and Little, J. G.: Identifleation of Nitriles: Preparation of Alkyl (2,4.6-Trihydroxy 
Phenyl) Ketones by the Hoesch Synthesis on a Semi-Micro Seale, J. Am. Chem. Soe. 5422451, 1932 

Rose, FE. N., and Ziliotto, H Determination of Nitrogen in Nitriles, Indust. & Engin. Chem. (Anal 
Fd) (6:63, 1944. Vanetten, C. H., and Wiele, M. B Determination of Nitrile-Type Nitrogen with Ordinary 
Kieldahl Digestion, Anal. Chem. 2321888, 1951 Petersen and Radke.* 

(f) Condo, F. t Hinkel, FE. 'T.; Fassero, A., and Shriner, R. I Addition Compounds of Nitriles with 

Mereaptoacetie Acid, J. Am. Chem. Soe. §9:230, 1987. Beesing, D. W.; Tyler, W. P.; Kurtz, D. M., and Harri 
son, S. A Determination of Acrylonitrile with Dodecanethiol, Anal. Chem, 20:1076, 1949 


Mitehell, J., and Hawkins, W Determination of Nitriles Employing the Karl Fischer Reagent, J. Am 
Chem. Soe. 67:777, 1045 
Proe. Conf. on Health Hazards in the Rubber Industry, 1942. Quoted by Clinton. 

Barnes, Ro Liddel, U.. and Williams, V. Z Synthetic Rubber: Spectroscopic Method for 
Analysis and Control, Indust. & Enein. Chem. (Anal. Ed.) 15:83, 193. Halverson, F.; Stamm, R. F., and 
Whalen, J. J The Vibrational Spectrum and Thermodynamic Funetions of Aerylonitrile, J. Chem. Phys 
16:S08, 1918) Thompson, H. W., and Torkington, P The Vibrational Spectra of Aerylonitrile and Perbunan, 
J. Chem. Soc Pt. 1, 597, 1944 


Bird, L., and Hale, C. H.: Polarographie Determination of Acrylonitrile, Anal. Chem. 24:586, 1952 


The spectrum of an aqueous solution of acrylonitrile from 200 to 214 ms# is shown in 
Figure 2. The spectrum above 214 m# has been reported previously.’ To perform light- 
absorption measurements down to 200 m#, which is the limit of the optical density dial of the 
Beckman instrument, the following procedure was used: The selector switch was set at “.1,” 
the density dial at “O,” the cell containing the solvent (water) in the path of the light beam, 
and the shutter on the phototube housing was closed (“Off"). The galvanometer was then 
balanced with the “dark-current” knob. The slit-width was adjusted to give a nominal band- 
width of 1 mu; the “sensitivity” adjustment was kept approximately three turns from its counter- 


& Petersen, G. W., and Radke, H. H.: Determination of Small Amounts of Acrylo- 
nitrile in Air, Indust. & Engin. Chem. (Anal. Ed.) 16:63, 1944. 

9 Davis, H. S., and Wiedeman, O. F.: Physical Properties of Acrylonitrile, Indust. & 
Engin. Chem. 37:482, 1945. Rogers, M. T.: The Electric Moments and Ultraviolet Absorption 
Spectra of Some Derivatives of Cyclopropane and Ethylene Oxide, J. Am. Chem. Soc. 69: 
2944, 1947. American Cyanamid Company.%4 
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clockwise limit: the shutter was opened (“On”), the galvanometer was balanced by means of 


the density adjustment, and the optical density reading (D,) was recorded. The cell contain 


ing an aqueous solution of acrylonitrile was moved into the path of the light beam, the galva 


nometer brought again to zero by further rotation of the density knob, and the new reading 


D. was noted. D,-D, was taken as the optical density of the solution of acrylonitrile vs. water. 


SPECIFIC ABSORPTION 


200 202-208-206 
WAVELENGTH mp 


Fig. 2.—Absorption spectrum of acrylonitrile 
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Fig. 3.—Light absorption of acrylonitrile in water. Change of optical density with con- 
centration. 


For quantitation, a wave length of 210 m# was chosen. At this wave length, aqueous 
solutions of acrylonitrile obey Beer's law in concentrations ranging from 0.5 ¥/ml. to at least 
«a 


25 y/ml. (Fig. 3). High sensitivity (sensitivity knob in extreme counterclockwise position) 
can be obtained with a slit-width of approximately 1.3 mm 
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Sampling was accomplished by drawing air from the chamber at a rate of 1 liter per 
minute through two gas-washing bottles (Corning Glass Works, Catalogue No. 28, GVRUR) 
connected in series by means of “tygon” tubing. Each trap contained 300 ml. of water and was 
immersed in an ice bath. Measured amounts of air (20 to 60 liters) were drawn through the 
traps for concentrations of 100 to 10 ppm acrylonitrile in air. The amount of acrylonitrile lost 
by this method of sampling, i. e., not absorbed by the second trap, never exceeded 2% and, 
as a rule, was Jess than 1%. This scrubber efficiency, which had originally been postulated 
on the basis of vapor pressure and solubility data and on reports in the literature,’" was 
indirectly evidenced by the fact that the second trap never contained more than 20% and usually 
less than 10% of the amount of acrylonitrile found in the first scrubber. 

Two procedures were used to test the efficiency of sampling and the reliability of the method. 
In one series of experiments, weighed amounts of acrylonitrile were volatilized, and the 
vapors were drawn through the gas-washing bottles. The contents of the bottles were then 
examined spectrophotometrically. In another group of experiments, weighed amounts of 
acrylonitrile were volatilized as above, but were absorbed and analyzed by the method of 
Petersen and Radke Phis Kjeldahl method was used also a number of times for sampling 


Pantie 2—Determination of Acrylonitrile in Air: Efficiency of Sampling 


Yield 
Kjeldahl Spectrophotometric 
Airflow (Absorption in HeSOs) (Absorption in He®) 
Rate, 
L. Min Mg Me. % 
15.0 
14.7 0.5 14.6 
Os 10.3 Gs 
o4 4 
Ins 
" o4 
wd 6.2 
16 4.6 
4.12 1.08 


and analysis of the air of the chamber. The results are shown in Tables 2 and 3 and indicate 
that the procedure of sampling into water and the spectrophotometric method of quantitation 
are accurate and reproducible. 

Phe method is not applicable if the air is contaminated with substances other than acrylo- 
nitrile which absorb heht of a wave length of 210 me unless at least one of the following 
conditions exists: (1) the light absorbency of the other contaminants in solution is very small 
at 210 me or at other wave lengths between 200 and 214 me#; (2) the contaminants are not 
trapped by water; (3) the contaminants can be scrubbed out without concomitant loss of 
acrylonitrile 4) the concentration of the contaminants is constant or can be determined 
separately so that they can be sampled and a correction factor obtained; (5) the light-absorption 
coethicients of the contaminants are known at various wave lengths, then optical density measure- 
ments at a number of wave lengths equal to the number of contaminants can be made, and 
the concentration of each contaminant can be calculated or read from a nomogram. 

10. Andrews, H. L., and Peterson, D. C.: A Study of the Efficiency of Methods for Obtain- 
ing Vapor Samples in Air, J. Indust. Hyg. & Toxicol. 29:403, 1947. Yagoda, H., and Goldman, 
F. H.: Collection and Estimation of Traces of Formaldehyde in Air, Indust. & Engin. Chem 


(Anal. Ed.) 15:377, 1943. 
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The following calculations show how air concentrations were obtained from the spectrophoto- 
metric readings of the aqueous samples. 1. The concentrations of acrylonitrile in the aqueous 
solution was obtained from the calibration curve (Fig 3). 2. Since equal amounts of water 


were used in both traps: 


ACN /liter air = ml. HeQ/trap (4/mi. solution in Trap 1 + y/ml. in Trap 2) 
liters air sampled 
> 760 of air) 
3. Ppm = v/liter air x = y LUA of 
53 P (mm. Hg) 73 


To detect acrylonitrile in blood, 1 ml. of blood was diluted tenfold with 0.I—N NaOH; the 
solution was heated to 30 C. and aerated for 30 minutes into two narrow tubes containing 


Taste 3.—Comparison of Kjeldahl (Petersen and Kadke) and Spectrophotometric Method for 
the Determination of Small Amounts of Acrylonitrile in Air 


Concentration of Aerylonitrile in Air, Ppm 


Spectro 


Kjeldahl photometric Difference Between Results 
(Absorption (Absorption ~ 
in HeSOs) in Ppm » 
7 128 1 0.79 
143 145 2 1.40 


106 2 106 
7 


Mean difference, % 
S.D 


Taste 4—Recovery of Acrylonitrile from Blood 


Amount Recovered 


Amount Added 
Mg. Ml 

01 


Mean recovery, 7 
9.11 


10 ml. of water each, which were connected in series and immersed in an ice bath. The aqueous 


solutions were then examined  spectrophotometrically Recoveries of known amounts are 


shown in Table 4. 


11, ACUTI rOXICITY AND MECHANISM 


OF ACTION 


Methods and Techniques—A dynamic exposure chamber described in previous papers ?! 


was used. The acrylonitrile furnished by the American Cyanamid Company was analyzed 


11. Silver, S. D.: Constant Flow Gassing Chambers: Principles Influencing Design and 
Operation, J. Lab. & Clin. Med. 31:1153, 1946. Brieger, H., and Hodes, W. A.: Toxic 
Effects of Exposure to Vapors of Aliphatic Amines, A. M. A. Arch Indust. Hyg. 3:287, 1951. 
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by the method of Gettler and Goldbaum ?* and found to be free of inorganic cyanide. Likewise, 
no inerganic cyanide was present in the vapor introduced into the chamber and sampled from 
there. 

Righty Wistar-strain rats of an average weight of 130 gm. were exposed in groups of 10 
to 100, 75, 50, or 25 ppm of acrylonitrile, 13 dogs to 100, 75, or 50 ppm, and three rhesus 
monkeys to 73 ppm All of these animals were exposed for seven hours; a 14th dog was 
exposed to 100 ppm for one hour. Half of the rats of each group were killed by decapitation 
immediately after exposure; the rest were killed six to nine days later. The animals of the 
other species either died shortly after exposure or were killed 7 to 10 days later. 

The method deseribed in Part [| of this paper was used for the determination of acrylo 
nitrile in air and blood. Thioeyanate in whole blood of the rats was determined by the method 
of Goldstein Thiocyanate in the plasma of the dogs and rhesus monkeys and in the urines 
was measured by the method of Crandall and Anderson '! adapted to the Beckman DU Quartz 
Spectrophotometer. Cyanide in whole blood of the rats was determined by the method of 
Gettler and Baine '; erythrocytes and plasma of dogs and monkeys were analyzed for cyanide 
by the method of Gettler and Goldbaum.'2 Hemoglobin (HbOs) was determined by the method 
of Evelyn,'® methemoglobin (MHb) by the method of Horecker and Brackett,'7 and cyan 
methemoglobin (CN MUHb) was estimated on the basis of the absorption coefficients of HbO,, 
MHb, and CNMUb at 710, 777, and 800 ma. Absorption spectra of the blood samples were 
determined from 200 to 700 me on solutions containing 20 cu. mm. of blood in 10 ml. of an 
aqueous (1: 250) NH,OH. From 700 to 1,000 me, the solutions consisted of 1 ml. of blood 
in of saponin-sodium borate buffer"? The oxrygen-carrying capacity and saturation and 
the COscombining power and saturation of venous blood (dogs) were examined by a Van 
Slyke technique 


RESULTS 


lable 5 shows the response of rats, dogs, and rhesus monkeys exposed in the 
chamber for seven hours to 100, 75, 50, or 25 ppm of acrylonitrile. Dogs showed 
the least resistance, since six out of six dogs died after being exposed to 100 ppm, 
while only 4 out of 20 rats succumbed to the same concentration. The concentration 
of 75 ppm was fatal to one out of three rhesus monkeys. The dogs exposed to 100 
or 75 ppm showed the most severe toxic signs in the form of vomiting, incoordina 
tion, convulsions, and respiratory distress. 

\ervionitrile was not detected in the blooc of the animals. High cyanide levels 
were found in the blood of the dogs exposed to 100, 75, or 50 ppm, corresponding 
to the severity of the toxic signs (Table 6). Rhesus monkeys exposed to 73 ppm, 
too, showed a high evanide concentration in the blood, while in rats exposed to 100 
ppm only very small amounts were found, and none at all in those exposed to 75 
ppm. Most of the evanide was present in the cellular fraction of the blood. 

12. Gettler, A. O., and Goldbaum, L.: Detection and Estimation of Microquantities of Cyanide, 
Anal. Chem. 19:270, 1947 
13. Goldstein, F.: The Colorimetric Determination of Thioeyanate in Whole Blood, J. Biol. 
Chem. 187:523, 1950. 
14. Crandall, 1. A. Jr. and Anderson, M. X.: Estimation of the State of Hydration of 
the Body by the Amount of Water Available for the Solution of Sodium Thiocyanate, Am. J. 
Digest. Dis. 2:126, 1934 
15. Gettler, A. O., and Baine, J. O.: The Toxicology of Cyanide, Am. J. M. Sc. 195:182, 
1938 
16. Evelyn, K. A.: A Stabilized Photoelectric Colorimeter with Light Filters, J. Biol. Chem. 
115:63, 1936 
17. Horecker, B. L., and Brackett, F. S.: A Rapid Spectrophotometric Method for the 
Determination of Methemoglobin in Blood, J. Biol. Chem. 152:669, 1944. 
18. Peters, J. P.. and Van Slyke, D. D.: Quantitative Clinical Chemistry: Methods, Ed. 
1, Baltimore, Williams & Wilkins Company, 1946, Vol. 2, pp. 296, 327 and 338. 
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Cyanmethemoglobin was found in the blood of the rats exposed to 100 ppm, in 
all dogs exposed to the three different air concentrations and also in the rhesus 
monkeys, which were exposed only to 75 ppm. The relative concentration of eyan- 
methemoglobin in the dogs increased with the length of exposure until, terminally, 
most of the normally present methemoglobin was converted into cyanmethemo- 
globin after exposure to 100 or 75 ppm. 


a 


TABLE 5.—Seven-Hour Exposure to Acrylonitrile: Toxic Effects 


Coneentrations in Air (PpM) 


Species 


Rats 
No. that died $20 0°20 0% 
Toxie signs (Cyanosis) None None None 


Dogs 


No. that died fo 34 o4 
Toxie signs Vomiting Same signs None 
Ineoordination but milder 


Convulsions 
Respiratory 
paralysis 
(Cyanosis) 
Rhesus monkeys 
No. that died 1/3 


Tosie signs 


Vomiting 


distress 
Paralytie dila 

tation of pupil 
Cyanosis 
Uneonsciousness 


Taser 6.—Cyanide and Cyanmethemoglobin in Blood of Animals Exposed to Acrylonitrile 


Aerylo- Length Cyanmethemoglobin 
nitrile ot Ex 
in Air, posure, Cyanide, of Met of 
Species PpM Hr uM 100 MI uM 100 Ml hemoglobin Hemoglobin 
Dogs 100 93 1.03 3.42% 0.5 14 1.10 > 0.30 
7 10.1 + 2.78 16 +07 > 19 1.21 0.40 
75 7 0 0 0 
75 1 1.85 0.31 1.5 0.5 36 + 10 09 +01 
7 6.05 2.46 oT = 1o 
Rhesus monkeys... 75 3 3.70 = 1.1 0.9 & +02 
7 8.72 = 3.6 4.8%17 G+ 6 16 +03 


0.2 + 0.08 
0.51 0.02 01 5 06 O1 


Table 7 shows the relatively high concentration of thiocyanate in the blood 
plasma of the rats and the low concentration of thiocyanate in the plasma of the 
dogs, corresponding inversely to the cyanide concentrations and toxic signs. The 
concentration of thiocyanate in the plasma of the monkeys was surprisingly high in 
comparison with the cyanide content of the blood. 

In the early stages of exposure the venous blood had a high oxygen content as 
measured in percentage of oxygen-carrying capacity (Table 8). The venous blood 
was bright red. At the end of the exposure the blood was usually dark, and cyanosis 
was observed in a number of rats and dogs exposed to the higher concentrations of 
acrylonitrile. 
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The histologic changes in the brains of rats, monkeys, and dogs exposed to 100, 
75, or 50 ppm, were characteristic of anoxia. The cortex seemed to be most severely 
affected. Well-preserved nerve cells alternated with degenerated cells, the latter 
showing the entire neuron deformed and hyperchromatic. The Nissl bodies were 
unevenly vacuolated with partial chromatolysis and cytolysis in evidence (Figs. 4 to 
6). It is interesting to note that the brains of the rats exposed to 75 ppm and of 
some dogs and monkeys which had not exhibited toxic symptoms also showed the 
same changes although only sporadically and to a minor degree. 


Tarte 7.—Thiocyanate in Blood of Animals Exposed to Acrylonitrile 


Aerylo Leneth 
nitrile of Ex- Thiocyanate, Mg. KSCN (100 ML. 
im Air, posure, / 
Species PpM Hr Blood Urine 
mats... F 0 1.43 0.67* 0.95 0.34 
100 7 8.06 + 2.43* 3.15 = 0.0 
Dogs 0 0.55 O18 0.09 > 0.07 
ean 7 14 0.56 3.69 + 1.48 
Rats 75 7 5.64 + 1.50" 2.03 + 0.17 
Dogs 75 1 
7 0.94 = 0.11 1.93 + 0.23 
Rhesus monkeys 0 2.70 + 1.06 0.26 0.19 
7 10.68 * 3.41 4.98 + 2.13 
Rats 7 3.17 = 0.91* + 0.90 
Dogs 1 1.10 + 0.10 
7 1.35 = 0.18 1.47 + 0.17 
Rats 25 7 2.13 = 062° 0.6 


* Determined in plasma 


Tante &.—Exposure of Dogs to Acrylonitrile: O2 and COs in Venous Blood 


Acrylo Length 
nitrile ot Ex Oe Carrying Os Content, COs-Combin COs Content, 
in Air posure, Capacity, of ing Power, of Combin- 
PpM Hr Vol. % Capacity Vol. % ing Power 
1) Before 73a 4 3 6s 10 
After 1-2 hr 1 ja 10 +14 
Belore 19 4 3 87 + 10 
Before 2 ve | 1 2 


COMMENT AND CONCLUSIONS 


Many investigators '’ have suggested that acrylonitrile and other aliphatic 
nitriles are split in the body, liberating inorganic cyanide. This theory seemed to 
he supported by the following observations: The signs and symptoms are similar 

19. (a2) Heymans, J. F., and Masoin, P.: Etude physiologique sur les dinitriles normaux, 
Arch. internat. pharmacodyn. 3:77, 1897; (b) Propriétés physiologiques des nitriles, ibid. 32359, 
1897. La toxicité diachronique de quelques composés cyanogénes, ibid. 7:297, 1900; (d) 
Etude sur quelques nitriles, ibid. 8:1, 1901. (e) Lang, S.: Uber die Umwandlung des 
Acetonitrils und seiner Homologen im Thierkorper, Arch. exper. Path. u. Pharmakol. 34: 347, 
1894. (f) Wagner-Jauregg, T.: Ganther, W., and Irmscher, R.: Insekticide Eigenschaften 
aliphatischer Rhodankohlenwasserstoffe, Angew. Chem. 11-12:306, 1948. (g) Lanza, A. J., 
and Goldberg, J}. A.: Industrial Hygiene, New York, Oxford University Press, 1939, p. 475. 
(h) Sollmann, T.: A Manual of Pharmacology, Fd. 7, Philadelphia, W. B. Saunders Company, 
1948, p. 712. (1) Dudley and Neal.4® (7) Grunske.te (k) Lorz.44 
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to those observed in cyanide poisoning.*” Mole for mole, the toxicity of acrylo- 


nitrile is of a similar order of magnitude as that of cyanide.“” The absorption of 


acrylonitrile leads to an increase of thiocyanate in plasma and urine, and thiocyanate 


is known to be the detoxication product of cyanide.*' In poisoning by either acrylo- 


nitrile or cyanide, nitrites in combination with thiosulfate give some protection 


and constitute efficient treatment. The viscera in one case of fatal poisoning by 
acrylonitrile had the odor of bitter almonds.** 


On the other hand, a number of competent authors have denied that acrylo- 


nitrile is converted to cyanide in vitro or in vivo, Deésgrez ** ascribed the toxicity 


of acrylonitrile to the carbon-to-carbon double bond, basing his conclusions on com- 


parative studies of saturated and unsaturated nitriles and of the corresponding 


amides. Warburg ** stated that nitriles are nonspecific anesthetics, and Sexton ** 


Fig. 4.—Brain (cortex) of rat exposed to 100 ppm acrylonitrile for seven hours and killed 
seven days after exposure. Hematoxylin-eosin stain; « 300. 


maintained that “nitriles, needless to say, have no biological properties in common 
with the cyanide ion.” The following considerations were brought forth in support 
of these denials: The nitriles are stable compounds. Upon application of vigorous 
procedures, amides or the corresponding acids and ammonia are formed, but not 
hydrocyanie acid. Attempts to demonstrate cyanide chemically in the tissues of 
20. Grunske. 
21. (a) Lang, S.: Studien tiber Entgiftungstherapie, Arch. exper. Path. u. Pharmakol 
36:75, 1895. (hb) Dudley and Neal.t® (¢) Dudley, Sweeney, and Miller.® (d) Lawton, 
Sweeney, and (¢) Mallette.*4 (f) Lang.'%e 


Lorz.44 Lawton and others.6 


Désgrez, A.: Influence de la constitution chimique sur la toxicité des nitriles et des 
amides, Compt. rend. Acad. sc. 153:896, 1911 

23. Warburg, O.: Heavy Metal Prosthetic Groups and Enzyme Action, translated by 
\. Lawson, Oxford, Clarendon Press, 1949, p. 26 

24. Sexton, W. A.: Chemical Constitution and Biological Activity, New York, D. Van 
Nostrand Company, Inc., 1950, p. 90 
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animals poisoned with acrylonitrile or to find cyanmethemoglobin in the blood of 
such animals have hitherto been unsuccessful.°° The Schonbein test which was 
positive on autopsy material of a fatal case *? is nonspecific, giving positive results 
with ammonia, hydrochloric acid, ozone, hydrogen dioxide, hydrogen sulfide, many 
other vapors, and even with acrylonitrile itself. 


Fig. 5 . brain (cortex) of normal dog. Celloidin-toluidine blue technique; x 550. B, 
brain (cortex) of dog exposed to 73 ppm acrylonitrile for seven hours and killed nine days 
after exposure. Celloidin-toluidine blue technique; x 550. 


The results of the present investigation prove that acrylonitrile is metabolized 
into cyanide in the animal body. Cyanide as well as cvanmethemoglobin can be 
demonstrated with sufficiently sensitive methods of determination. .\ study of the 
dynamics of the conversion process is in progress. 


25. Dudley and Neal#® Dudley, Sweeney, and Miller.®@ 
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With cyanide formation established, hyperoxygenation of the blood as a conse- 
quence of histotoxic anoxia was expected. Instead, cyanosis was observed in a 
number of animals, and the blood was, in general, dark at the end of the exposure. 
Similarly, the color of the blood in cyanide poisoning of man has been described 
more frequently as dark rather than bright.‘"" The reason for this unexpected find- 
ing lies in the fact that this observation was made after prolonged or excessively 
severe exposure when shock and stagnant hypoxia obscure the picture of histotoxic 
anoxia. At an early stage of exposure the venous blood ts hyperoxygenated and 
bright red. 

The increase of thiocvanate was found to be in agreement with that of previous 
reports.” S. Lang ** explained this phenomenon as true detoxication as early as 


1895. Cyanide is converted to thiocyanate in the presence of reducing sulfurs, 


Fig. 6—Brain (cortex) of dog exposed to 50 ppm acrylonitrile for seven hours and killed 
nine days after exposure. Hematoxylin-eosin stain; * 550. 


with the enzyme rhodanese acting as catalyst.° The idea suggests itself that the 
difference in the degree to which cyanide is detoxicated to thiocyanate in the various 
species is due to the difference in the rhodanese concentration. The dog, for instance, 
has a considerably lower rhodanese concentration than the rat and shows a higher 
susceptibility to cyanide. However, even in the dog the concentration of rhodanese 
is sufficient to activate the conversion process, and the limiting factor appears to be 
the concentration of reducing sulfurs in the organism.*” 

26. Wilson.*¢ Wilson and MecCormick.*f Lawton and  Mallette.7# 

27. Footnotes 19¢ and 21 a. 

28. Lang, K.: Die Rhodanbildung im Tierkoérper, I, Biochem. Ztschr. 259:243, 1933; II, 
ibid. 263:262, 1933; Das Ferment Rhodanese, Ztschr. Vitamin-, Hormon- u. Fermentforsch. 
2:288, 1949, 

29. Himwich, W. A., and Saunders, J. P.: Enzymic Conversion of Cyanide to Thio- 


cyanate, Am. J. Physiol. 153:348, 1948. 
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In the rhesus monkey the formation of thiocyanate approached concentrations 
potentially toxic in other species.*” This is not to be considered a major hazard in 
regard to treatment of human beings with sodium thiosulfate, since the formation of 


such high concentrations of thiocyanate is not to be expected in man. The urinary 


excretion of thiocyanate is proportional to the concentration of thiocyanate in the 
blood. Attempts have been made to measure the degree of absorption of acrylo- 
nitrile in humans by measuring the excretion of thiocyanate in the urine. However, 
the range of normal excretion is so wide and so easily influenced by smoking that 
this method holds little practical promise. 

Emergency treatment with amyl nitrite is a rational therapy of acrylonitrile 
poisoning provided that excessive formation of methemoglobin or cyanmethemo- 
globin and critical lowering of the blood pressure are avoided. 


SUMMARY 


\ new simple and accurate spectrophotometric method for determining acrylo- 
nitrile in air and body fluids is presented. 

By means of this method the air concentrations of acrylonitrile in an exposure 
chamber were exactly determined and maintained. Rats, dogs, and rhesus monkeys 
were exposed for seven hours to concentrations of 100, 75, 50, or 25 ppm. 

The toxic signs observed in the animals were those of anoxia; death was due to 
respiratory paraly sis. The color of the blood after seven hours of exposure Was, 
in general, dark, owing to the complexity of the respiratory disorder at this stage. 
However, hyperoxygenation was in evidence after exposure to higher concentra- 
tions when the blood was examined early. Histologic changes characteristic of 
anoxia were found in the brains of rats exposed to 100 or 75 ppm, of dogs exposed 
to 100, 75, or 50 ppm, and of rhesus monkeys exposed to 73 ppm. 

Differences in susceptibility to acrylonitrile between species were confirmed. 

Cyanide and evanmethemoglobin were demonstrated in the blood. This  find- 
ing proves that the toxie action of acrylonitrile is based on the formation of cyanide 
in the body. The amounts found were proportional to the intensity and the length 
of exposure. In rats and dogs the increase of thiocyanate in plasma showed an 
inverse relationship to the amount of evanide found. 


Stasney, associate professor ot pathology at the Jefferson Medical College ot 
examined the histologic specimens 


C., and Chen, K. K \bsorption and Toxicity of Sodium and Potassium 
Thiocvanate. |. Am. Pharm. A. (Scient. Ed.) 29:152, 1940. Yount, E. H., Jr., and MacMillan, 
\ Phiocyanate Intoxication, North Carolina M. J. 10:545, 1949. 
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HEALTH PROGRAM AT A MEDICAL CENTER 


J. B. FELDMAN, M.D. 
AND 


M. D. KASSER, M.D. 
PHILADELPHIA 


ITHIN the last decade a number of health centers have been organized in 


the larger cities of our country to take care of the medical needs of the 
members belonging to the various industries. Their purpose is primarily one of 


INTERNATIONAL —LADIES’ GARMENT WORKERS’ 

Fig. 1—The Union Health Center, Philadelphia, established by the International Ladies 


Garment Workers’ Union. 


medical diagnosis and preventive medicine for ambulatory patients only. This is 


a report of the health center established by the International Ladies’ Garment 


Workers’ Union in Philadelphia, with particular emphasis on the eve department, 


since both of us are members of the ophthalmologic department. 


THE HEALTH CENTER 


The center is located in the heart of the city and is almost half a city block wide 
(Fig. 1). The second floor is devoted to the offices of the union; the third and 


fourth floors, to the health center. 
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THE CLINIC 
Ievery phase of medical diagnosis and preventive medicine is provided, including 
treatment if this is specifically desired by the patient. If, however, the member 
has a regular physician, such a patient can avail himself or herself of the diagnostic 


and consultative facilities furnished by the clinic ; a complete record of the laboratory 
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Fig. 2.—Floor plan of the Union Health Center—third and fourth floors. 


studies, the physical findings, and the treatment desirable in the individual case is 
supphed the family physician gratis. During the vear 1951, reports to the number 
of 1419 were furnished practitioners at their request, showing the high regard 
which the lay physician has for the work done at the Union Health Center. 

The expense is borne by a charge of 8% on the wages earned by each member 


of the union and paid for by the employer. This also entitles the member to sick 
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benefits in individual cases, and a vacation, the amount of which is dependent on the 
wages of the member ; other benefits such as part payment of the cost of an operation 
are included. 


The increasing popularity of the medical center is evidenced by the increasing 


number of members who take advantage of the clinic's facilities each succeeding 
year. 


A diagram of the floor space of the clinic is illustrated in Figure 2 


THE 


ENTIRE 


MEDICAL 


STAFI 
In addition to the medical director, the medical staff has on its board 6 con 
sultants and 20 physicians with 4+ medical substitutes. 


The lay staff consists of a trained nurse acting as an administrator, with 23 


assistants, 4 of whom are registered nurses. All individuals connected with the 
institution, including the doctors, are paid. For the convenience of the workers, the 
clinic hours are 4 to 7 p. m. daily, and 9 a. m. to 1 p. m. Saturday. 

During the year 1951 more than 40,000 visits were made to the clinic. In spite 
of the consultants and excellent laboratory facilities, it was found necessary to send 
156 patients to outside consultants because the medical problems involved in their 
individual cases did not come within the purview of our specialists. This last pro- 
cedure assures the patient that everything humanly possible is done to safeguard 
his health, i. e., where the institution's facilities were not able to cope with a situation, 
the clinic was broad-minded enough to resort to outside help. 

During the year interesting meetings are held, at which scientific papers and 
medical problems are discussed. All members of the medical profession are invited 
to attend, and there is a good turnout. 


Of unusual sociologic medical interest is the fact that as many as 3,344 individ 
uals between the ages of 60 and 70, and 294 between the ages of 70 and 8&0, have 
already taken advantage of the medical care furnished by the institution.! These 
decades include the ages when diagnosis and good medical care are most desirable 
but often neglected. About 14,000 laboratory tests of various kinds (40 varieties ) 
and blood-chemistry studies were done. 


EYE DEPARTMENT 
This report is a summary of the first five vears ( Fig. 3) as compared with the 
sixth and seventh vears in the ophthalmologic department. Our reason for breaking 
up the graph into a period of five years and then two consecutive periods of a 
year each was to show that primarily the percentage of eve disease was the same 
for the first five vears as for the other two consecutive years—that there was no 
outstanding epidemic disease of the eyes present in any one year which could be 
said to be associated with this type of industry. 

The eye clinic is open 12 hours a week. The ophthalmologists have used up 
762 medical hours in the treatment of persons whose eyes were pathologically 

1. Ordinarily, people between the ages of 60 and 80 do not work because they are interested 
in accumulating wealth but because there is in these families a sick son or daughter, or a 
grandchild interested in obtaining a college education, which necessitates the older person 
resorting to work as a solution of this problem 
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involved. The department consists of a chief and two assistant ophthalmologists. 
Every eye instrument which oculists universally have found in any well-equipped 
eye clinic is available for use at the Union Health Center, 

In the first few years of its existence the services of the eye department were 
used with obvious hesitancy by members; but as time passed the workers became 
more and more cognizant of the opportunity offered them and have taken advantage 
of the Center's facilities. 

When glasses are ordered, the prescription may be filled by any optician. During 
the first seven-year period, about 15,000 patients were examined in the eye depart- 
ment. 

All of the interesting types of eve conditions seen in any well-established active 
hospital eve service, such as squints, the numerous types of muscle anomalies and 
paralyses, the various diseases of the separate layers of the retina, the different 
grades of visual disturbances (near- and far-sightedness, as well as astigmatism), 
and a host of other eye conditions, such as cataract, glaucoma, tumor, and retinal 
detachments, were observed here and served to stimulate our ophthalmologists’ 
interest in the work. There was here observed less turnover in the personnel of 
the medical staff than is generally noted in like medical institutions. 

One can observe now, after our few years of existence, a willingness on the part 
of the members of the union to consult the clinic early, and thus, by actually obtain- 
ing early medical service, arrest disease in its incipiency, before actual damage has 
taken place. 

SUMMARY AND CONCLUSIONS 


The Center is of benefit only to the ambulatory patient. An increasing number 
of members take advantage of its service yearly. Because most sick members 
come at the onset of their malady, the condition is attacked in its incipiency, before 
complications set in. All types of interesting medical cases are observed, and there 
is a very slight turnover in the medical staff. 

With regard te the eve department, many varieties of pathologic alteration are 
found. The early recognition of cataract, vascular hypertension, arteriosclerosis, 
and their associated diabetes and nephritis must, no doubt, be a factor in prolonging 
good health. 


The garment industry presents no occupational hazard which at the present time 
may be considered of importance. The relatively excessive number of workers 
requiring glasses is due to the fact that the greatest number of employees are above 
40 years of age and require bifocals because of their age. 

It is interesting to find so many older people, those between the ages of 60 and 80, 
still engaged in productive endeavor. However, with social security in action, the 
government will take care of the older people so that for them work will not be 
necessary. 

Also of importance is the observation that since the Center was created less 
man-hours have been lost, as commented upon by employers. That these employers 
have often consulted the medical centers for suggestions to improve the health of 


their help is noteworthy. It is of further interest that there has been no strike during 
the eight vears of the Center's existence. 
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The workers also have benefited by this procedure. At this date each employee 
obtains a vacation amounting to 2% of the vearly salary; a sick benefit of $12 per 


week for 10 weeks, $5 per day for a hospital stay of 15 days, and $25 to help 


compensate for the surgical outlay. 


This paper is not believed to be an answer to the question how to solve the 
| | 


problem of the expensive medicine of today ; but one may hope that it will stimulate 
others to thoughts on how to obtain efficient medicine without inviting socialized 
medicine and its associated il etfects. 


37S. 20th St. (Dr. Feldman) 
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INDUSTRIAL MEDICINE AND THE GROUP CLINIC—A MUTUALLY 
ADVANTAGEOUS RELATIONSHIP 


JEAN SPENCER FELTON, M.D. 
OAK RIDGE, TENN. 


the early days of this century's medical-practice format 
has been the emergence of two group methods of rendering professional care. 
One is the group medical practice, and the second, an industry-localized program of 
health service. These two approaches to the goal of health betterment have matured 
to the point of the creation of a professional association in the case of the first, and 
the establishment of standards permitting official recognition and acceptance by an 
accrediting agency in the second.' Recently the American Foundation of Occupa- 
tional Health assumed from the American College of Surgeons the function of 
evaluating medical services in industry.* 

Although this duo of methods has been in operation in an era involving two world 
conflicts, there has been little effort made to bring the two together for combined 
functioning. In rare instances * the facilities of a group clinic have been utilized 
for the conduction of physical examinations of executives of large corporations, or 
for infrequent diagnostic assistance in cases questionably occupational in origin. 
That the adjacent private clinic, as one other community facility available, can aid 
the industrial health service, and, concomitantly, that the medical department of 
industry can augment the patient load of the group is the premise of this discussion. 


WHAT 


Is 


OCCUPATIONAL MEDICINE? 

A lengthy nomenclature has produced a series of designations which has not been 
common currency to the practitioner outside the confines of industry. Terms such 
as “industrial medicine,” “industrial health,’ “industrial hygiene,” ‘‘occupational 
medicine,” and “occupational health” have been used interchangeably and loosely to 
indicate anything from the emergency care rendered by a single industrial nurse to a 
program of complete medical care for employee and family alike. 


Dr. Felton is Medical Director of the Oak Ridge National Laboratory. 
The work covered in this document was performed under the auspices of the Atomic Energy 
Commission. 
Presented at the annual meeting of the American Association of Medical Clinics, Dec. 3, 
1951, Los Angeles. 


1. Industrial Establishments Conducting Medical Services Which Are Approved by the 
College, Dec. 1, 1950, Bull. Am. Coll. Surgeons 35:403 (Dee.) 1950. 


2. Foundation to Evaluate Industry’s Medical Services, J. A. M. A. 146:268 (May) 1951. 
3. Lutz, EF. F.: Conserving the Health of Management, Occup. Med. 2:599 (Dec.) 1946. 
Hartman, H. R., in The Executive and Health, a Panel Discussion, presented at the Sixteenth 
Annual Meeting and Conferences of the Industrial Hygiene Foundation, Pittsburgh, Nov. 15, 
1951. 
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In spite of this multiplicity of names, contemporary medicine in industry endeav- 
ors simply to keep the employee at work through a constructive health program. 
Such a program is etfected by the gathering within the walls of a specific manufac- 


turing plant, commercial establishment, or public service organization of the neces- 


sary professional, technical, and clerical personnel to do this job. The scope of such 
a program will vary with the philosophy of the plant management, the allotted 


budget, and the imagination of the medical director. An astute medical manage- 


ment, sensitive to the needs of the employed personnel, will institute those diagnostic, 
preventive medical, or counseling measures that will attain optimal health for the 
worker. Added to these practices will be a limited care of acute, short-duration 
nesses and injuries, which, ordinarily, will allow the individual to complete the 
workshift in comfort. With the notable exception of certain contemporary total- 
medical-care plans, most industrial health departments limit their activities to those 
procedures which will (a) lower absenteeism resulting from illness, (>) improve 
work efficiency, (¢) increase production, (d) minimize labor turnover resulting from 
mismatching of worker and work, (e) diminish the number of occupationally incur- 
red injuries and illnesses, (f) elevate the morale level of the personnel through 
increasing job satisfaction, and (q) better interpersonal relationships on the job. 

The execution of a program aimed at these goals is accomplished through a triple 
approach: ¢a) an intelligent and studied estimate of the physical and emotional 
capacities of the prospective employee, reached through a detail physical, labo- 
ratory, and psychodiagnostic examination; (/) a constructive health effort charac- 
terized by positive programs in health education, mental hygiene, industrial hygiene, 
constant on-the-job medical supervision, and reestimates of capacities altered by 
pathologic processes, senescent change, or inadvertent hazardous industrial contacts, 
and (¢) medical care for the ill and the injured—brief for the nonoccupational con- 
ditions and more detinitive for those states arising out of, or in the course of, 
employment 

This, then, is the industrial setting into which is placed the medical activities. 
Wherein can the group clinic be of service to medicine in industry? It was over 
20 years ago that Selby * pointed out that no single physician could cover the entire 
field in industry any more than he could in general practice. He proposed further 
that, 


and wealthy industrial establishments recognize this limitation and overcome it by 
providing for the services of specialists to supplement the normal functions of their medical 
departments. Small establishments, on the other hand, are unable to make such provision for 
the care of their employees because of the relatively great expense 
There are then these two reasons for the formation of groups to serve small industries: 
(1) industrial medicine is too broad a field for the industrial practitioner, and (2) adequate service 
is too expensive for the average small industry. Therefore a scheme has been devised for the 
furnishing of complete medical service for small industries at a nominal pro-rata cost and that 


scheme is, in a word, group practice. 


In this intervening period, little has been done in combining the efforts of the 
two agencies 

4. Selby, C. D.: Group Medical Services for Small Industries, Surg., Gynec. & Obst. 50:1A 
(Jan.) 1930 
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THE GROUP CLINIC CAN ASSIST INDUSTRY 


There are several reasons for the development of a cooperative working effort 
hetween these two modalities of medical care. Of prime concern to industry is the 
need for, and the availability of, specialist opinion in the several subdisciplines of 
medicine as these fields relate to industrial health problems. Diagnoses and prog- 
noses are needed, and these are sought by industry in the specialty areas of ortho- 
pedics, psychiatry, ophthalmology, radiology, cardiology, surgery, and physical 
medicine. With less frequency, the opinions of the chest surgeon, allergist, or der- 
matologist are desired. It is thoroughly comforting to have one’s consultants certi- 
fied in their particular field of specialization. A moderate-to-large-sized group will 
have this board accreditation. 

Secondly, the need for assisting consultants who will be recognized by insurance 
and legal authorities enters into any industrial operation in which employees are 
exposed to work conditions potentially productive of occupational injuries. Many 
carriers of workmen's compensation insurance specify which surgeons (or other 
specialists ) are to be called upon by the plant medical director when definitive care is 
required for injured employees. In many instances, the insurance company’s lay 
appraisal of medical skills serves as the sole basis of the designation of these con- 
sultants. This frequently has led to disputes between the industrial medical depart- 
ment and the underwriters, for it is felt that medical practice skills can be adjudged 
better by a professional than by handlers of claims. .\ group clinic could offer this 
type of service to the complete satisfaction of both sides, and if expert testimony is 
ever needed, the same personnel, as recognized specialists, would be available and 
acceptable for the offering of pertinent clinical interpretations. 

Of the four reasons for the establishment of close relationships, the third is seen 
in the matter of equipment. There are certain diagnostic apparatus in which industry 
is reluctant to invest, and these pieces may already be available in a private clinic. 
In their use a service could be rendered to industry, with no expenditure other than 
the fees for service. 

The fourth need of industry lies in the desire of the medical department to have 
an unbiased opinion, uninfluenced by specitic intraplant group connections, that will 
aid in reaching decisions affecting job status, including retention, promotion, demo- 
tion, or transfer. With the voluntary seeking of outside corroborative or differing 
opinion, the industrial physician is free from accusations of bias by the atfected 
individual or group. 
CURRENTLY 


FEASIBLE ACTIVITIES 


If one adopts another perspective and endeavors to examine this proposal spe- 
cialty by specialty, one encounters an interesting cross section of possibilities immedi- 
ately available in most group clinics, and which could be set into motion with modest 
solicitation by the clinic staff. 

Surgery.—The primary function in this field would be the rendering of correc- 
tive surgical care for industrial injuries. Industries vary, of course, in their injury 
frequency rate, the rougher, tougher trades offering more to boost the accident 
totals than the calmer work of a small shop. 

An interesting side activity of the surgical service enters in the referral relation- 
ships between a socially conscious industrial medical service and the state office of 
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vocational rehabilitation. Business concerns will hold positions open while success- 
ful applicants for these jobs have needed surgical procedures carried out for con- 
ditions which, if uncorrected, would preclude their being hired. Is it not logical, 
therefore, that the group which handles the company’s surgical measures be like- 
wise the one designated to undertake the surgical corrections made possible by 
rehabilitation funds? It must be pointed out that these funds will be expended not 
only to allow a man to be employed through eradication of a disfiguring physical dis- 
ability but also to allow advancement to a higher position, if he is already employed 
but rendered static in his movement upward by a defect which can be corrected. 
\n active medical department is constantly on the lookout for employees whose 
physical status can undergo betterment through gratifying surgical intervention. 

Orthopedics.—The numerous industrial injuries involving fractures, acute 
sprains of joints or the back, herniated intervertebral disks, subluxations, and the 
like can be cared for by the orthopedic surgeon of the group. Like the general sur- 
geon, he can be included in the joint rehabilitation scheme when the employee's 
defect is in his area of interest. 

\ second service rendered by the orthopedist is the accurate estimating and 
reporting of the residual damage present in an individual who has sustained a 
serious bone or joint illness or injury and who is (a) applying for work or (>) 
returning to work after convalescence. In addition to clinical photographs and 
roentgen studies, a detailed description of the sequelae of an invading process or a 
destructive trauma becomes a valued portion of the clinical record. As the physician 
in industry cannot be skilled in all directions, he prefers to have a complete and 
accurate estimate of muscular function carried out by one capable in this domain. 

Psychiatry.— As industry becomes more aware of the necessity for understanding 
the basic needs and drives of workers, the more will it realize that skilled assistance 
is required in the resolution of interpersonal and intrapersonal conflicts, and inter- 
group differences, that manifest themselves at work. The peremptory dismissal of 
an individual who violates a minor plant rule will rid the premises of the offender 
but will not aid in the understanding of the basis of his neurotic illness—nor will it 
preserve a skilled worker in whom that industry has invested training, wages, bene- 
fits, and time. 

Work can and does serve as sufficient strain or stress to relight dormant 
emotional ills. The industrial physician must be sensitized to the external signs 
of these difficulties and must recognize the psychogenic causes of the recurrent head- 
ache, the stiffness of the neck, or the cardiac palpitations of an acute anxiety state. 
In some instances, superficial counseling can ettect alleviation of the troublesome 
symptoms, but there must be available a psychiatrist who can serve either at the 
plant or at the clinic in a consultant capacity. It is he who can advise whether job 
retention is safe, whether deep therapy is indicated, whether institutional care is a 
necessity, or whether watchful waiting with some environmental manipulation is all 
that is necessary. 

Many industries desire to include a psychiatric screening of their prospective 
employees in the total preplacement physical examination. Studies of employees 
discharged from large establishments have shown that it is the aberrant structure of 
the personality that has led to the termination of services and not a lack of technical 
skills. How to detect the problem-beset candidate or the neurotic or psychotic 
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applicant is within the ken of the psychiatrist. In this area he can lend immeasur- 
able aid to the company that is trving to minimize its turnover through bettering its 
methods of personnel selection. 

The psychiatrist whose approach to industrial problems is a practical one and 
Whose office decor is uncluttered by a couch is a valuable addition to the company’s 
training staff whose function is to improve the human relations and methods of com- 
munication among the supervisory personnel. By serving as leader or observer in 
group discussions, he can detect the points of breakdown where relationships are 
impaired and communication is fractured. Under his guidance a group of foremen 
can become psychologically oriented and the methods of handling people will come 
alive. 

When the psychiatrist switches to his group clinic role he can serve as the 
referral end-point for disturbed workers in need of long-term psychotherapy. He ts 
doubly of value, for, through visiting the work scene, he learns of the peculiar 
psychic demands of industry and will better reorient the mentally ailing employee. 

Psychology.—Large private medical facilities that recognize the full worth of a 
department of psychiatry will have a psychologist in that division whose services 
can be utilized in industry. He can introduce and use, or create and validate, special 
tests by which applicants may be selected for work. He will be able to assist the 
psychiatrist, through the use of these psychodiagnostic procedures, in the identifica- 
tion of those who will be dispensary visit repeaters or those who will be maladjusted 
in their job situations. Further, he can assist the industrial medical staff, through 
these testing implements, in recognizing the development of emotional disturbances 
among the previously hired. 

The psychologist whose interests are psychometrically focused can be of help 
to the industrial relations division in its administration of mechanical-aptitude, 
vocational-preference, or other preemployment tests. 

Dermatology.—Contemporary expression among most workers bespeaks the 
belief that all their skin ailments are of occupational origin. Actually, nearly all 
dermatoses seen among industrial employees are fungal, bacterial, or allergic 1m their 
inception, and less frequently are caused by contact with the raw materials, inter- 
mediates, or end-products of the particular activity with which they are connected. 

A consulting dermatologist with a knowledge of the skin irritants present in a 
plant can assist greatly in (a) differentiating the occupational from the nonoccupa- 
tional dermatitis, (>) guiding the therapy of the work-caused skin irritation, (¢) 
recommending dermatosis-prevention procedures, and (d) advising on the use or 
creation of protective ointments, the use of protective clothing, and the use of special 
skin cleansers. Such a dermatologic lore must be gained from a close acquaintance 
with manufacturing processes, and in this area a skin specialist can serve industry. 

Ophthalmology.—Burns of the eye, foreign bodies, and are-welding “flashes” are 
some of the job injuries demanding skilled ophthalmologic help. These need little 
discussion, for the oculist long has been a consultant, particularly in the industrial- 
ized urban centers. Of newer concern, however, is the damage demonstrated by 
eyes that have been subjected to infrared or ionizing radiation. Cataracts resulting 
from neutron bombardment are bedeviling the original cyclotron workers, and 
currently those medically engaged in atomic energy plants seek the assistance of 


ophthalmologists in the detection and follow-up of these lenticular opacities. 
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Ihe entire field of industrial ophthalmology as it relates to the knowledge of the 
visual demands of jobs and the visual skills of workers, brought forth by Dr. Hedwig 
S. Kuhn, has been relatively untouched by the eve specialist. His thinking 1s needed 
in this industrial medical discipline, as well as in the occupational evewear program, 
and no one better than he in the group clinic can serve here, with the adjuvant 
talents of the group's optometrist or optician, 

Physiatry.—Vhysical medicine has long been used by the clinics in imdustry, 
perhaps not intelligently, but at least beneticially. Its place is in the follow-up care 
given emiployees with injuries, and the plant medical service possessing physto- 
therapy equipment can benefit by the consultant advice of the clinic’s phystatrist. 
Phe group with a full spectrum of the commonly used modalities can aid superbly 
in Shortening convalescent care and returning the injured worker to his job at an 
early date. 

His functions, added to those of the surgeon and the orthopedist, can make the 
program of rehabilitation a vital process of human conservation, 


REGULARLY RECURRING SERVICES 


Purposely omitted have been two specialists whose professional duties have 
carried them with greater frequency into industry than have those of their clinic 
confreres, Their roles have been characterized by a daily, recurring service. 

Radiologist.-Many industrial health departments, desirous of obtaining the 
hest possible interpretive skills, employ a radiologist on a retainer basis or as a 
consultant either to report on all x-ray films taken or to read questionable films 
only. Commonly, a day's film load is delivered to the radiologist—usually with 
serial films taken over the years for comparison purposes—for interpretation, and 
the previous day’s collection is picked up for return. The radiologist dictates his 
findings, and typed reports accompany the films on their return to the plant. This 
system functions simply and well, and does not overtax the roentgenologist. We 
have employed this method for several years and have been most happy with the 
arrangement, \s a chest survey is done annually within the span of a single week, 
this particular period is productive of perhaps 3,000 films for comparison and study. 
The normal daily load of possibly 12 to 20 films has not represented an unconquer- 
able quantity to the consultant radiologist of the neighboring group clinic. 

Cardiologist— Vaired with the x-ray specialist in consultant functioning is the 
cardiologist who interprets the electrocardiograms taken during the preplacement 
physical examination, Some organizations include this step routinely in the exami- 
nation of all job applicants or in the annual or periodic reexaminations, while others 
limit it to workers aged 40 or over. 

(he mounted electrocardiograms are forwarded daily to the cardiologist in a 
manner comparable to the handling of x-ray films. Interpretations are typed on the 
mount-forms and are returned to the medical director. Serial tracings are reviewed 
when they exist. Repeated studies of this kind are invaluable in the placement and 
in the retention of job holders. 

In addition, the cardiologist will examine applicants presenting heart lesions 
whose functional capacity must be determined. As the industrial population ages, 
the estimation of cardiac reserve and physiologic age becomes more important in 
the skilled utilization of craft talents. 
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FUTURE POTENTIAI 


(hus far, the industrial relationships of the group clinic have been reviewed. 
These have represented those services that any climie can offer industry at the 
present moment with no conversion of, or addition to, its facilities. Filled with a 
rich potential, however, is the full job that group practice can do for industry. To 
date but a few hearty medical souls have endeavored to offer this type of service, 
but with an established clinic—a going organization —industry can be helped in its 
maintenance and improvement of employee health with but a modest change-over. 

Such a complete service-to-industry can be etfectuated through a department 
of occupational medicine which is headed, preferably, by a physician with a multi- 
faceted medical-directorship plant experience. With the aid of statf members from 
the department of medicine in particular and other departments in general, he can 
otter a packaged program to industry that will bring high-level medicine to two 
types of organization: the small industry and the small-plant member of a large 
corporation. 

Small industries include plants of a few to perhaps 500 employees, and rarely 
have an intramural medical service beyond an industrial nurse. A large industry 
with plants scattered throughout the industrial states will have many establishments 
that are not comparable to their giant brothers, where thousands of employees are 
on the rolls. The size of these small assembly, packing, or manufacturing plants 
does not warrant investing funds in a medical unit, so that outside assistance at a 
reasonable cost would be welcome. 

In truth, this appears to be the only answer to the problem of supplying to the 
small manufacturer a full industrial medical program matching the rich plans of the 
giant steel, automobile, chemical, and electrical concerns. Such a program would 
include the services shown in the accompanying tabulation. 

Some of the personnel enumerated above are new to the group clinic but are 
needed if a full program is to be offered to industry. With fewer of these, and with 
the clinic’s current staff, a good basic program still can materialize. 


ADVANTAGES TO THE GROUP 
Of greatest interest to representatives of group practice are the advantages that 
would accrue to their clinics. Would it prove worth while to include industry as 
potential purchasers of their medical wares? From this place of view the advantages 
are quadrifold : 
1. There would be increased income to the clinic. 
With additional patients reporting for care, with consultant services being ren- 
dered at the plant medical department, and with greater usage of the clinic’s physical, 
diagnostic, and therapeutic facilities, there will be an elevation of income for the 
group. These fees, as outlined above, will come from the industry or industries con- 
tracting for the consultant services and from the workmen's compensation-insurance 
carrier. With this income increment, costly capital investments can be amortized 
more quickly, and planning for additional purchases can be advanced. 
2. Industrial patients would recommend the clinic’s members to their families. 
It has been the experience of those industrial health services securing the pro- 
fessional assistance of group clinics that if a favorable impression is left with the 
employee referred for care—if he is treated in exactly the same manner as if he were 
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Stati Personnel Needed 


Regularly 

Internist 
Radiologist 
Clinical pathologist 
Medical 
X-ray technician 
Nurse 


Medical records librarian 


Is Needed 


technologist 


Psychiatrist 
Psychologist 
Gynecologist 

Dermatologist 

| Ophthalmologist 
Surgeon 
Optometrist 


THE WELL 


Staff 


Personnel Needed 


The same as 
applicant 


for the job 


Health educator 
Nutritionist 


Psychiatrist 
Clinical psychologist 


Industrial hygienist 
Industrial hygiene chemist 
Industrial hygiene engineer 


Surgeon 
Physiatrist 
Psychiatrist 
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Staff Personnel Needed 
Internist 

Surgeon 

Clinical pathologist 
Medical technologist 
X-ray technician 


specialists 
Nurse 


All technicians 


Psychiatrist 
Social worker 


OCCUPATIONAI 


VEDICINE 


Purpose 


¢ omplete physical laboratory, 
and psychodiagnostic exami- 
{nation of new employees, with 
a view of estimating capacities 
Jfor work, and after matching 
capacities against job demands, 
'recommending acceptance and 
placement 


EMPLOYEE 


Purpose 


Maintenance of optimal em- 
ployee health through medical 
supervision and reestimate of 
physical and emotional capac- 
ities for the job held 


Communication of health in- 
{formation to motivate a better 
health behavior 


Improvement of morale 
interpersonal relations 


and 


Inspection of workroom envir 
onments for the detection and 
measurement of toxic sub- 
stances and the design of en- 
gineering control methods 


(Elevation of employee's job 
level through correction ot 
remedial physical or emotional 
(defects 


INJURED EMPLOYEE 


Purpose 


Rendering of sufficient emer- 
gency care to allow worker to 
complete the work shift 


Treatment of conditions aris 
ing out of, or in the course ot, 
employment 


Establishment, maintenance, 
and improvement of emotional 
well-being 
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caring for the obligation himself—if he is not segregated from the clinic’s nonindus- 
trial clientele—if his dignity and sense of personal worth are untrammeled—he will 
suggest to his wife, when medical care is indicated, that she also see Dr. X at the 
Y Clinic where “they were so nice to him.” Where pediatric services are available, 
it will be natural to bring in the youngsters for care. 

This concept is of particular pertinence at the present moment, for with defense 
production expanding, war plants idle from World War I] are bemg reopened, and 
a new wave of worker migration is taking place. This implies that employees 
recruited from afar, with their families, will be moving into areas where no 
familiarity with the local physicians exists. [If a good rapport is established early 
with the worker who is sent in by the plant’s health department, then, in logical 
consequence, the families will head toward the clinic for their medical needs. 

lurthermore, with the slowly shaping clouds of atomic and bacteriologic warfare 
beginning to darken our cities, large industries are practicing dispersion. Plants 
are being built in rural areas, where already some group clinics are engaged in 
successful practice. The acquisition of the family as patients should be a simple 
procedure provided considerate, individual-centered care is given the worker- 
husband. 

3. There would be a great research potential. 

A connection with an industrial organization is a valued one, particularly when 
the medical director is of sufficient curiosity as to evaluate constantly the merits 
of certain health practices and to desire quantification of clinical phenomena as seen 
at work. The blind acceptance of the daily appearance of certain disease entities, 
or the failure to draw a conclusive total story of significance from isolated data 
bespeaks a self-satisfaction uninducive to intellectual probing. 

That the possibilities for research in industry are numberless can be attested by 
a review of contemporary American and British literature relating to this discipline. 
The reasons for this type of cerebration may be found in several facts. Clinical 
conditions are encountered in industry that are seen rarely in daily hospital or office 
practice. These include the occupational illnesses, the subclinical manifestations of 
early absorption of hazardous materials and/or intoxication due to them, and 
unusual industrial injuries, such as the chemical burns of the eves or the dermatoses 
that result from contact with chemicals peculiar to that specific manufacture. It 1s 
of interest to investigate these rare findings and to attempt therapeutic trials with 
new pharmaceuticals. Furthermore, there are control conditions present, or that 
can be scheduled, that are not ordinarily possible in other medical settings. The 
advantages of an association with industrial medicine are these: one can effectuate 
a close physician-patient relationship (individual medicine ) ; concomitantly, one can 
apply constructive health principles to hundreds, thousands, or tens of thousands of 
people (group medicine). In this setting, studies of almost any phase of medical 
practice can be developed. 

Many large industries have complete machine record systems where the daily 
activities of the medical function can be carded, so that for any report period one 
can secure the summation of all clinical efforts, correlated with as many variables 
as the punch cards will allow. These daily records offer a wealth of data for perusal 
and interpretation, and many a tale of stress, tissue damage and repair, social effects 


of job situations, and emotional adjustment is lying untold in medical department 
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statistical records. Most group-practice installations cannot atford this equipment, 
or do not have the space needed, so that access to such facilities should be welcome 
and valued 

Furthermore, industry has other departments whose services are utilized by the 
health division. These include photography, graphic arts (drawings, charts, repro- 
duction in various media, posters, etc.), and statistics. In these sections are skilled 
technicians, artists, and professionals whose expertness when applied to the medical 
activities can transform them into living, understandable stories. Again, rare is the 
group clinic apart from the large institutions that 1s possessive of these research 
adjuncts. 

\ final item of note is the fact that in industry the physician is working essen- 
tially with a “captive” clientele. This is not so harsh a statement as believed at first 
blush. It means that accurate follow-up of a procedure is possible and that the 
industrial dispensary, closely cooperating with the supervisory staff, can recall 
employees for progress notation or additional study. This emphasizes further the 
full feasibility of well-validated and controlled investigations of individual and group 
health. 

+. Industry's defense activities are essential work, leading to stability. 

As deiense manufacturing continues, industry is recruiting additional physicians.” 
These positions are considered essential, and likewise it is quite possible to conceive 
that medical services rendered an industry by a group would be comparably classi- 
fied. This implies stability in staff appointments and, through appropriate utilization 
of medical personnel, would preclude turnover, ‘The contribution thus made to vital 
defense etforts is not without its status value. 


SUMMARY 
1. Group clinics have been utilized for some assistance in carrying out medical 
programs in industry, but the possibilities in this direction have not been realized to 
the fullest. 


2. Occupational medicine is simply the industrial application of a constructive 


health program aimed at keeping the worker at work. 

3. The program content is aimed at (a) lower illness-absence, (>) improved 
work efficiency, (c) increased production, (d) minimized labor turnover, (e) 
diminished number of job-connected disabling conditions, (f) elevated morale, and 
(g) bettered interpersonal relations, through the triple approach of (a) estimates 
of the physical and emotional capacities of the prospective employee, (>) construc- 


tive health-maintenance efforts, and (c) medical care—brief for nonoccupational 
conditions and definitive for job-related involvements. 


4. The group clinic can assist industry through the rendering of specialist 
opinion, the provision of medical care approved by the insurance carrier, the pos- 
session of costly diagnostic or therapeutic equipment, and the offering of unbiased 
judgments relating to job status. 


5. Currently feasible activities of the group clinic include specialty service in 


the fields of surgery, orthopedics, psychiatry, psychology, dermatology, ophthal- 
mology, and physical medicine. 


5. Industry Calling, M. Econ. 29:41 (Nov.) 1951. 
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6. Regularly recurring services are rendered by the radiologist and the cardi- 
ologist through interpretation of diagnostic laboratory procedures. 

7. Future possibilities include the conducting of all types of physical examina- 
tions, programs in health education, training in human relations, industrial hygiene 
surveys, rehabilitative procedures, definitive medical care, and efforts in preventive 
mental health. The personnel required for this is indicated. 

x. The advantages to those in group practice of establishing professional rela- 
tionships consist of (@) an increased income, (/) the attraction of workers’ families 
as patients, (c) a great research potential, and (d) classification of this activity as 
defense-essential. 

CONCLUSIONS 


1. Those group clintes that have entered into contractual arrangements with 
medical departments in industry have realized both a monetary and a_ psychic 
income from their ettorts. 

2. The contribution to industry that can be made is needed vitally by plants 
lacking in professional personnel, or of such size as not to warrant self-staffing a 
inedical department. 

3. Group practice offers a possible solution of the problem of source-discovery 
of constructive health programs for America’s 60,000,000 industrial workers now 
inadequately covered at the manufacturing plant sites. 

4+. .\ plea is made for an immediate investigation by group clinics—particularly 
those in industrial areas—of the possibility of the establishment of this mutually 
advantageous relationship with industrial medicine. In this may lie the better 
integration of the worker and the nation. 
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TOXICITY OF ETHYLENE DIBROMIDE DETERMINED 
EXPERIMENTAL ANIMALS 


Vv. K. ROWE, MS. 
H. C. SPENCER, Ph.D. 
D. D. McCOLLISTER, B.S. 
R. L. HOLLINGSWORTH, M.S. 
AND 


E. M. ADAMS, Ph.D. 
MIDLAND, MICH. 


kK" IYLENE DIBROMIDE (1,2-dibromoethane) is widely used as a constit- 
4 uent of fumigants, as a constituent of “leaded” gasolines, and as a chemical inter- 
mediate. It has also been used to a very limited extent as a fire extinguisher, a 
solvent, and a gauge fluid. 

\ review of the literature shows that the relatively high toxicity of this material 
has been recognized for many years. Its anesthetic properties, its fate, distribution, 
and/or its effect within the body have been dealt with by Leuze,' Lucas,? Hender- 
son, Abreu and Emerson,’ St. George.” Heppel and Porterfield.” and possibly 
others. Lucas * pointed out that vapor concentrations which have anesthetic proper- 
ties are highly irritating to the mucous membranes, and if anesthesia 1s accomplished, 
death usually follows. 


In 1927 Thomas and Yant? reported that ethylene dibromide vapors were 
highly toxic to guinea pigs and that the liquid was readily absorbed in lethal quanti- 
ties through the intact skin of the rat. 

In 1929 Glaser and Frisch * reported on the relative toxicities of the brominated 
aliphatic hydrocarbons. They found that when the materials were injected  sub- 

From the Biochemical Research Department, The Dow Chemical Company. 

1. Leuze, E.:) Theory of Nareosis: Distribution of Inhaled Narcotics in the Body, Arch. 
exper. Path. u. Pharmakol. 95: 145-165, 1922 

2. Lucas, G. H.W. A Study of the Fate and Toxicity of Bromine and Chlorine Containing 
\nestheties, J. Pharmacol. 34:223-237, 1928 

3. Henderson, V. EF \nesthetic Toxicity, Arch. Internat. Pharmacodyn, 38:150-165, 1930. 

4. Abreu, BoE. and Emerson, G. A.: Difference in Organic Bromide Content of Liver 
\tter Anesthesia with Saturated and Unsaturated Brominated Hydrocarbons, Univ. California 
Publ. Pharmacol. 1:313-319, 1940 

5. St. George, A. \ Che Pathology of the Newer Commercial Solvents, Am. J. Clin. 
Path. 7:69-77, 1937 


6 Heppel, A., and Portertield, V. Enzymatic Dehalogenation of Certain Brominated 
and Chlorinated Compounds, J. Biol. Chem. 176:763-769, 1948 

7. Thomas, B. G. H., and Yant, W. Po: Toxie Effects of Ethylene Dibromide, Pub. Health 
Rep. 42: 370-375, 1927 


Glaser, and Frisch, S 


Phe Effect of Technically and Hygienically Important Gases 
and Vapors upon the Orgamsm: Brominated Hydrocarbons of the Aliphatic Series, Arch. 
Hyg. 101:48-64, 1929 
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cutaneously, ethylene dibromide was about four times as toxic as ethyl bromide and 
about one-half as toxic as methyl bromide and tetrabromoethane. When single 
vapor exposures were given, ethylene dibromide and methyl bromide were about 
eight times as toxic as ethyl bromide, while tetrabromoethane showed no tonicity. 
However, when the materials were allowed to evaporate freely, ethylene dibromide, 
because of its lower vapor pressure, did not present the hazard due to inhalation 
that existed with methyl bromide and ethyl bromide. 

Fiury and Zernik,” cited by Patty,'® have reported on single inhalation exposures 
of mice, guinea pigs, cats, and dogs and on repeated vapor exposures of guinea pigs, 
cats, and rabbits. Pharmacological studies conducted by Kistler and Luckhardt "! 
indicate that ethylene dibromide has a depressant etfect upon respiration, blood 
pressure, and knee jerk. Pflesser '* reported that ethylene dibromide, a constituent 
of a gauge fluid, caused skin atfections which were characterized by a burning sen- 
sation followed by a wet necrosis. 


The industrial hazards of ethylene dibromide have been discussed by Kochmann, ! 
more recently by Aman, and associates,'* who deal primarily with the fumigant use 
of the material, and by Calingaert and Shapiro.'* The last authors pointed out that 
the materials commonly used in the manufacture of protective gloves are permeable 
to ethylene dibromide. Neoprene containing 0.5 to 1.0% nylon was sufficiently 
impermeable to have utility. 

The present experimental work was undertaken to provide toxicological data 
which would allow a better evaluation of the hazards associated with the manufac- 
ture, handling, and use of ethylene dibromide. In this study considerable emphasis 
has been placed upon quantitative measures of acute vapor toxicity in terms of 
capacity to kill and capacity to cause nonfatal injury. It has been felt that a full 
knowledge of the acute toxicity from inhalation of vapors is as important in 
evaluating the hazards of industrial exposures as is an understanding of the chromic 
toxicity. 


MATERIAL TESTED 


Ethylene dibromide, CH.:Br—CHBr, is a colorless liquid having a specific gravity of 2.17 
and a boiling point of 131.6 C. It is soluble in water to the extent of 0.26 gm. per 100 gm, at 
25 C. and 0.582 gm. at 90-C., soluble in alcohol, and freely miscible with ether. 

The material used in the acute oral-dose, eye-contact, and skin-contact studies was of regular 
commercial quality having a purity of approximately 99%. Specifications for such a product 
include the following: the specific gravity at 25/25 C. must be between 2.165 and 2.185; 5 to 


95% by volume must boil within 2 C. and include the temperature 131.5 C.; the melting-point 
minimum is &.8 C. The material used in the vapor-inhalation studies consisted of three individual 


9. Flury, F., and Zernik, F.: Schadliche Gase, Berlin, Springer-Verlag, 1931. 

10. Patty, F.: Industrial Hygiene and Toxicology, New York, Interscience Publishers, Inc., 
1949, Vol. 2, pp. 805-806. 

11. Kistler, G. H., and Luckhardt, A. B.: The Pharmacology of Some Ethylene-Halogen 
Compounds, Anesth. & Analg. 8:65-74, 1929 


12. Pflesser, G.: Uber die hautschadigende Wirkung von Athylendibromid einem Bestandteil 
der Fussigkeit aus Fernwasserstandsanzeigern, Arch. Gewerbepath. u. Gewerbehyg. 8:591-600, 
1938. 

13. Kochmann, M.: Possibility of Industrial Poisoning with Ethylene Dibromide, Munchen. 
med. Wehnschr. 75: 1334-1336, 1928. 

14. Aman, J.; Farka, L.; Ben-Shamai, M. H., and Plant, M.: Toxicological Hazards of 
C.H.Br., Ann. Appl. Biol. 33: 389-395, 1946. 

15. Calingaert, G., and Shapiro, H.: Permeability of Protective Glove Materials to Tetra- 
ethyl Lead and Ethylene Bromide, Indust. Engin. Chem. 40: 332-335, 1948. 


aa 
| 
i 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINI 


{ a commercial product, all purified by redistillation. The imfrared absorption spectra 
mples indicated a purity of essentially 100% 


ORAL ADMINISTRATION OF SINGLE DOSES 


cedure Phe toxicity of ethylene dibromide when administered in single oral doses to 
guinea pigs, rabbits, mice, and chicks was determined. The rats, guinea pigs, and 
vere mature young adult animals from the stock colonies of this laboratory. The mice 
ung adults obtained from Carworth Farms. The chicks were New Hampshire reds 
purchased from a commercial hatchery and were approximately 3 weeks of age when treated. 
\liquots of a 10% solution of ethylene dibromide in olive oil were emulsified in about 2 ml. 
to 10% acacia solution and fed by intubation to the rats, guinea pigs, and rabbits. 
of 1% and 3% solutions in olive oil were fed by intubation directly to the mice and the 
respectively. All surviving animals were observed until they had fully recovered from 

loss of weight and were gaining normally (usually about two weeks). 


Results.——The acute oral 1..D.59's with their 19/20 confidence limits were calcu- 
lated for each species by the method described by Litchfield and Wilcoxon.'® The 
results of the statistical treatment of the dosage-response data are presented in 
lable 1. The difference in potency of ethylene dibromide for male and female rats 
is statistically significant. A slight difference in the L..D.59’s obtained separately for 


Tapir | leute Oral Toxicity of Ethylene Dibromide Administered to Laboratory Animals 


Total 
Number of L.D.se 19 20 Confi- 
Animals Used dence Limits), Gm./Ke 
Kats 0.146 (0.126-0,170) 
Rats 
Mice 
Rabbits 


€0.108-0,126) 
0.420 (0353-0. 500) 
0.055 (0.044-0.069) 
Chicks Mixed 0.079 (0.053-0.117) 


Guinea plies Mixed O.110 (0.098-0,122) 


male and female guinea pigs was not significant statistically ; so the data were com- 


bined for presentation in Table 1. Of the five species tested, rabbits appear to be 
the most sensitive and mice the least sensitive. 


EYE CONTACT RABBITS 


Procedure.—In this study the rabbits’ eyes first were examined by using fluorescein staining 
to ensure that they were normal, special attention being paid to the lens and the iris, as well 
as to the surface of the cornea. About four hours after this preliminary check, the test material 
was introduced into both eyes. In about 30 seconds one eye was flushed for three minutes with 
copious amounts of running water, after which both eyes were stained and observed for injury 
as before. Examinations were repeated after 2, 24, and 48 hours and for longer periods if neces- 
sary, to determine the degree of injury and the course of the healing period. 


Results..-When the undiluted material was tested, it promptly caused obvious 
pain and conjunctival irritation, which cleared completely within 48 hours. A very 
slight amount of superticial necrosis of the cornea was also observed, but healing 
Was prompt and complete. 

When a 109% solution of ethylene dibromide in propylene glycol was tested, it 
produced a more severe response than did the undiluted material. Conjunctival 

16. Litchfield, J. T., and Wilcoxon, F.: A Simplified Method of Evaluating Dose-Effect 
Experiments, |. Pharmacol. & Exper. Therap. 96:99-113, 1949. 
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irritation of moderate intensity developed within 2 hours and persisted for 48 hours 
before it began to subside. Corneal injury was of moderate to severe intensity, and 
it also persisted for 48 hours before tissue repair became apparent. Healing 
appeared to be complete 12 days after exposure, without corneal scarring. No 
injury to the iris or the lens was apparent. 

When a 1% solution in propylene glycol was tested, it elicited a response very 
similar to that of the undiluted material. 

Prompt washing of treated eyes had a beneticial effect in all cases, thus slightly 
reducing the intensity of the response and shortening the healing time. 


SKIN CONTACT RABBITS 


Attempts to study the effects of topical application of undiluted ethylene dibro- 
mide or of strong solutions (10% ) in butyl carbitol acetate by the methods usually 
employed in this laboratory '* were complicated by the finding that lethal amounts 
were rapidly absorbed through the intact skin. However, it became apparent from 
limited tests that a few hours’ confinement of the material caused marked erythema 
and edema of the exposed areas. Where evaporation was not inhibited, slight 
erythema was the principal response. 

\ 1.0% solution of ethylene dibromide in butyl carbitol acetate was applied 10 
times in 14 days to the rabbit ear and bandaged onto the shaven belly. On the ear 
it caused only a very slight irritation, characterized by erythema and exfoliation. 
When bandaged repeatedly onto the shaven abdomen, however, this solution caused 
marked irritation. Erythema and edema progressing to necrosis and sloughing of 
the superficial layers of skin were observed. Healing was complete without. scar- 
ring within seven days after termination of exposures. 


SKIN 


ABSORPTION——RABBITS 


Procedure. Draize, 


except that the impervious sleeves were covered by heavy cloth bandages and the animals were 


-The method used was essentialyy that of Woodard, amd Calvery '*, 


allowed the freedom of their cages. In all cases the exposures lasted for 24 hours, after which 
the sleeves were removed and the exposed areas cleansed with soap and water. The animals 
were observed for two weeks after the test, or until it was certain that they had recovered from 
the effects of the exposure. 
Results —The number of rabbits treated with measured amounts of ethylene 
dibromide and the number dying as a result of the applications are summarized in 
Table 2. In all cases the material produced a moderate to severe effect upon the skin. 
Erythema, edema, and necrosis were always present. Healing with scar formation 
was the rule. At all dosage levels the animals exhibited a marked depression of the 
central nervous system. With the higher dosage levels there was a sufficient drop in 
body temperature to cause the animals to feel cold to the touch. Deaths occurred 
within four days or not at all. 

17. Adams, F. M.; Irish, D. D.; Spencer, H. C., and Rowe, V. K.: The Response of Rabbit 
Skin to Compounds Reported to Have Caused Acneform Dermatitis, Indust. Med., Indust. Hyg. 
Sec. 2:1-4, 1941. 

18. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study of Irritation 
and Toxicity of Substances Applied Topically to the Skin and Mucous Membranes, J. Phar- 
macol. & Exper. Therap. 82:377-390, 1944. 


a 
Al.. 
} 
| 
| 
| 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


VAPOR-INHALATION STUDIES 
EXPERIMENTAL Prockpurt 


Inimals and Apparatus.—The source and the feeding of the animals used in the vapor experi- 
ments and the techniques and the chambers employed in exposing them to ethylene dibromide 
vapor were essentially the same as those previously described.'” 

For the single exposures, all vapor concentrations with animals in the chamber were checked 
repeatedly from time to time by combustion analyses. Some difficulty was encountered in 
achieving complete combustion to hydrobromic acid, particularly for the vapor concentrations 
above 1,600 ppm. Therefore, the nominal values are given for 5,000 and 10,000 ppm. For the 
lower concentrations, however, the analytical results were within + 10% of the calculated 
theoretical values 

In the repeated-exposure experiments the chamber concentrations were checked by a con- 
tinuously recording analyzer. In every case it was shown that the vapor concentration was held 
uniformly within 10% of the desired concentration of ethylene dibromide. 

\nimals that received single exposures were observed as to their behavior, body weight 
changes, and time of death. Survivors were observed for two to three weeks, or until it was 
certain that they had fully recovered from the effects of the exposure as judged by gross appear- 
ance, behavior, and recovery of body weight. 

All of the animals that were to be exposed repeatedly to ethylene dibromide vapor were 
selected carefully on the basis of general appearance, body weight, and growth during a pre- 


Danie 2—Mortality of Rabbits Caused by Ethylene Dibromide Absorbed 
Through the Intact Skin 


Amount of 
CHeBr 
Applied, Period of Total Number Number 
Gam. Ke Contact, Hr of Rabbits that Died 


| 4 


O65 "4 
24 


liminary period of observation. In each experiment two groups of controls were used, well- 
matched with the experimental animals in respect to number, age, sex, and body weight. The 
‘unexposed controls were simply maintained in the animal quarters, while the “air-exposed” 
controls were subjected repeatedly to room air in a chamber similar to that used for the animals 
exposed to ethylene dibromide. Routinely, these animals were placed in the chambers seven 
hours a day tive days a week 

Phroughout the experimental period each animal was weighed twice a week and observed 
frequently for general appearance and behavior. Growth curves and mortality records were 
kept for each group: periodic hematological examinations were made on representative groups 
of rats and on the monkeys. Failing animals were killed for examination when they appeared 
to be moribund. ALL survivors were killed and examined for evidence of orgamic injury on the 
day tollowing the last exposure 

xvamination for Organic Tnjury—-All of the animals examined for organic injury were 
fasted overnight except the guinea pigs. Each animal was weighed and then killed by decapi- 
tation or by exsanguination from the jugular vein (monkeys only). Each animal was observed 
as to its gross appearance, and its lungs, heart, liver, kidneys, spleen, and testes were weighed. 
Vissues from these organs, as well as from the pancreas and the adrenal glands, were saved for 
the preparation of hematoxylin-and-eosin-stained sections. In some cases frozen sections of liver 


and kidney were stained with Oi} Red O. In many cases blood was obtained at the time of 


19. Spencer, H. C.; Rowe, V. K.; Adams, E. M.; MeCollister, D. D., and Irish, D. D-: 
Vapor Toxicity of Ethylene Dichloride Determined by Experiments on Laboratory Animals, 
M.A. Arch. Indust. Hyg. 4:482-493, 1951. 
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autopsy tor the determination of urea nitrogen.*” Plasma-prothrombin-clotting time was deter- 
mined by a modification of the method of Quick 2! on animals exposed repeatedly to 100 ppm 
ethylene dibromide vapor. In some cases, a portion of the liver was trozen with solid carbon 
dioxide (dry ice) for subsequent total lipid analyses, which were carried out gravimetrically 
in alcohol-ether extracts. 

Wherever necessary, the t-test 22 was used in comparing the mean values obtained on the 
ethylene dibromide-exposed groups with those obtained on the air-exposed controls or the 
unexposed controls as designated; probability (/?) values of less than 0.05 were interpreted as 
indicating a significant difference 


RESULTS OF SINGLE EXposUREs 

Mortality of Rats —The total number of rats (mixed sex groups) used and 
the number that died from each exposure are listed in Table 3. From the data at 
10,000, 5,000, 1,600, 400, and 200 ppm, the exposures producing 0.01, 50, and 
99.99% mortality were determined statistically according to the method described 
by Litchfield and Wilcoxon.'® These points were plotted on log-log ordinates, and 
the lines AB, NY, and C)) of Chart 1 were drawn to represent the exposures, on a 
varying concentration-versus-period-of-exposure basis, which can be expected to 
produce death in essentially all rats (L..D.goo9), in 50% of rats (L.D.5e), and in 
essentially no rats (L.D.o.), respectively. The average factors for obtaiming 
19/20 contidence limits were 1.16 for the L..D.55 points and 1.67 for the two extremi- 
ties. 

The breaks in the lines 4/2, XY, and C/) of Chart 1 at concentrations below 400 
ppm are significant. Although data sufficient for statistical analysis were not avail- 
able, the observed results of exposing 20 rats for 16 hours to 100 ppm ethylene 
dibromide are included in the chart as confirmatory evidence. All 20 of the rats 
survived this exposure, as did additional groups of 20 rats each that were exposed 
to 100 ppm for &.5 and 12.0 hours (Table 3). 

Mortality of Guinea Pigs.—.\dditional single exposures were made using con- 
centrations of 400 and 200 ppm ethylene dibromide vapor and mixed sex groups 
of guinea pigs. The results are summarized in Table 4. From these data, guinea 
pigs appear to be slightly less susceptible to fatal effects than do rats exposed to the 
same concentrations (Table 3). 

Nature of Acute Toxic Effects —Ethylene dibromide has but slight anesthetic 
action at the intensities of exposure employed. However, depression of the central 
nervous system was observed in the animals exposed to higher concentrations. 
Deaths resulting from exposures of intensities approximating the area bounded by 
AB and NY of Chart 1 generally occurred within 24 hours after the exposure and 
were due to respiratory or cardiac failure. 

Deaths resulting from exposures of lower intensities approximating the area 
bounded by CD and XY of Chart 1 were almost always delayed, sometimes as long 
as 12 days after exposure. The majority of these deaths were due to pneumonia 
which developed as a result of the injury to the lungs. The animals usually lost 

20. Barker, S. B.: The Direct Colorimetric Determination of Urea in Blood and Urine, J 
Biol. Chem. 152:453-463, 1944 

21. Quick, A. J.; Stanley-Brown, M., and Bancroft, F. W Study of the Coagulation 

Defect in Hemophilia and in Jaundice, Am. J. M. Se. 190:501, 1935 
22. Fisher, R. A.: Statistical Methods for Research Workers, Ed. 7, London, Oliver & Boyd, 
Ltd., 1938. 
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weight, appeared rough and unkempt, became quite irritable, discharged a blood- 
tinged fluid from the nose, and finally succumbed. Even the ammals that survived 
exposures of these magnitudes exhibited a typical progression of symptoms tor 
several days before recovery Was apparent. 

The examination of special groups of rats killed 16 to 24 hours alter receiving 
single exposures within the range bounded by .4PBC/), Chart 1, revealed an increase 
in weight of the lungs, the livers, and the kidneys, and histopathological changes of 
varving degree in these organs. The lungs showed congestion, edema, hemorrhages, 
and inflammation ; the livers, cloudy swelling, centrilobular fatty degeneration, and 


necrosis, and the kidneys, slight interstitial congestion and edema, with slight cloudy 


swelling of the tubular epithelium in some cases 


No 


SIncLeE Exposures HavinG Apverse Errect 


The studies made to determine the nature of the toxic effects caused by the 


inhalation of ethylene dibromide were extended to permit an estimation of the single 


IN PPM 


C 


VAPOR 


0.01 05 «40 30 1.0 30 10.0 30 100 
DURATION OF EXPOSURE IN HOURS 


Chart 1—Vapor toxicity of ethylene dibromide. Line 1B represents single exposures pro 
ducing 99.99% mortality of rats; line XV), single exposures producing 50% mortality, and 
line (1), those producing 0.01% mortality. Line /:/ represents the most severe single exposures 
without detectable adverse effect in rats. The point indicated by a triangle represents observed 
rather than statistical data. Point G represents the most severe repeated exposures without 
detectable adverse effect in rabbits and monkeys and probably in rats and guinea pigs 


exposures of maximum intensity without any evidence of toxic injury. It was found 
that an increase of the weight of the liver and slight histopathological changes in 
this organ were the most sensitive criteria for this evaluation. The results of these 
experiments using groups of 10 female rats each are summarized in Table 5. From 
these data the line EF, Chart 1, was drawn to represent the most severe single 
exposures without detectable adverse etfect in rats. 


Resutts oF Repeatep SeveN-Hour Exposures 

Concentration: 100 PPM (0.77 Mg. per Liter).—(a) Rats: A group of 10 
female rats were subjected to repreated seven-hour exposures. These animals lost 
weight steadily, and 3 of the 10 died after one, five, and seven exposures, respec- 


tively. At autopsy, after receiving seven exposures in nine days, the surviving rats 
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appeared thin and unkempt. Although the stomachs were tull of food, the contents 
appeared blood-tinged. Lang, liver, and kidney weights were increased signifi- 
cantly (Table 6). Blood nonprotein nitrogen, urea nitrogen, and plasma pro- 
thrombin clotting time values were similar to those for the controls. Microscopic 
examination of the tissues revealed some thickening of the alveolar walls with slight 
leucoeytic infiltration of the lungs, widespread cloudy swelling of the liver (but no 
fatty degeneration), and slight congestion and hemosiderosis of the spleen. 

(hb) Rabbits: Four female rabbits subjected to repeated seven-hour exposures 
suffered severe intoxication to the extent that two of the animals died following the 
second exposure and a third animal succumbed while in the chamber during the 
third exposure. The remaining rabbit was killed for examination after receiving four 
exposures in four days. Microscopic examination of tissues from the latter two 
rabbits revealed widespread central fatty degeneration of the liver with necrosis 


In} some areas 


Panty stimation of Single Periods of Inhalation of Ethylene Dibromide Vapors Having 
Vo Adverse Effect in Female Rats 


Hours of Exposure 


Vapor Concentration Without With 
Adverse Adverse 
PPM Me. L Effect Effect 
6.16 O15 
1.54 0.7 10 
0.77 2.5 4.0 
re 


ante 6.-Final olverage Body and Organ Weights of Kemale Rats That Had Been Exposed 
to 1W0-PPM Ethylene Dibromide Vapor for 7 Seven-Hour Periods in 9 Days 


Average Body 


Weight, Gm Organ Weights, Gm. Gin. Body Weight 
Group Rats Initial Final Lungs Heart Liver Kidneys Spleen 
Lnexposed controls 4 Iss O48 3.46 O76 
ethylene dibromicte 7 173 1.32 O47 1.10 


lwo additional female rabbits received two exposures in two days and then 
were killed for examination. Each of these animals lost some body weight, but 
organ weights compared closely with those of the control rabbits. Blood urea 
nitrogen and nonprotein nitrogen values were normal. ‘The only abnormal finding 
upon Microscopic examination of the tissues was a slight cloudy swelling observed 
in the liver 

Concentration: 50 PPM (0.38 Mg. per Liter).—(a) Rats: Male and female 
rats (20 of each sex per group) were subjected to as many as 63 seven-hour expo- 
sures in Ul days. Mortality was high (50 ) in the male rats, due chiefly to pneu- 
monia and infections of the upper respiratory tract. Sixteen of the 20 female rats 
survived. The experimental animals did not appear to grow as well as the control 


eroups (Chart 2), but the difference was not statistically significant. Organ-weight 


studies (Table 7) revealed increased lung, liver, and kidney weights and decreased 
testis weights for the male rats. Liver and kidney weights were increased and 


spleen weights decreased in the female rats. Blood urea nitrogen, liver total lipid, 
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and hematological values were normal. Microscopic examination of the lungs of the 
male rats revealed patches of old pneumonic consolidation in many cases; similar 
changes were not observed in the females. No significant changes were found upon 
histopathological examination of heart, liver, kidneys, spleen, and testes. 

An additional group of 18 female rats that recetved 12 exposures in 16 days 
showed a significant increase in liver and kidney weights. However, no significant 


TasBLe 7.—Final Average Body and Organ Wetghts of Male and Female Rats That Had Been 
Exposed to 50-PPM Ethylene Dibromide Vapor for as Many as 63 
Seven-Hour Periods in 91 Days 


Body Organ Weights, Gm. 100 Gm. Body Weight 
Weight, —~ 
Group Sex Rats Gm Lungs Heart Liver Kidneys Spleen Testes 
Unexposed controls .........cccessee M 6 278 0.06 0.37 47 0.69 0.35 0.97 
ppm ethylene dibromide.......... M 10 0.83" al 2.79" 0.30 0.88" 
Unexposed controls F 8 184 0.82 0.42 O74 0.42 
ppm ethylene dibromide.......... F 16 183 Os 0.43 3.23 0.32+ 
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Chart 2.—Growth curves of male and female rats that survived all the repeated seven-hour 
periods during which they were exposed to 25 and 50 ppm ethylene dibromide vapor. 


changes were found upon histopathological examination of these organs, or upon 
determination of the blood urea nitrogen concentration or of the total lipid content 
of the liver. 

(b) Guinea Pigs: Male and iemale guinea pigs (eight per group) were sub- 
jected to as many as 57 seven-hour exposures in 80 days. The growth curves of 
both experimental groups were depressed (Chart 3), but there was no increase of 
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mortality due to the exposures. 


whereas lung, 


Blood urea nitrogen values were normal. The livers of the female animals revealed 


no Significant variation of total lipid content as compared with the controls. Micro- 
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hour periods during which they were exposed to ethylene dibromide vapor. 


scopic examination of the tissues showed slight central fatty degeneration in all of 
the livers and slight interstitial congestion and edema with slight parenchymatous 
degeneration of the tubular epithelium in & of the 14 kidney sections examined. 


No significant changes were observed in lungs, heart, spleen, adrenal, pancreas, 


or testes. 
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liver, and kidney weights were apparently increased (Table 8). 
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An additional group of seven female guinea pigs that received 13 exposures in 
17 days likewise failed to gain in weight normally. mn the other hand, there was 
no evidence of adverse effect when this group was judged by organ weights, blood 
urea nitrogen determinations, liver total lipid values, and the results of gross and 
microscopic examination of the tissues. 

(c) Rabbits: One female and three male rabbits tolerated 59 seven-hour expo- 
sures in 84 days without evidence of adverse etfects as judged by general appear- 
ance and behavior, growth, tinal body weights, blood urea nitrogen values, total lipid 
contents of the livers, and the results of microscopic examination of the tissues. 
Studies of organ weights revealed no significant changes except for a slight increase 
in liver and kidney weights. 

(d) Monkeys: One male and one female monkey were subjected to 49 seven- 
hour exposures in 70 days. Throughout the experimental period these animals 
appeared ill, nervous, and unkempt, and they lost about 5¢¢ of their initial body 
weight. No significant deviation from control values was observed upon periodic 
hematological examinations during the course of the experiment nor was the 
TasLe 9.—linal Average Body and Organ Weights of Male and Female Rats That Had Been 

Exposed to 25-PPM Ethylene Dibromide Vapor for 151 Seven-Hour 


Exposures in 213 Days 


\verage 


Body Organ Weights, Gm. 100Gm. Body Weight 
Weight, - 
Group Sex Rats Gm Lungs Heart Liver Kidneys Spleen Testes 
Unexposed controls M 0.67 0.38 20 0.72 0.23 
Air-exposed controls ..........00.+-: M 18 318 0.63 0.35 2.22 0.69 O24 0.89 
25 ppm ethylene dibromide........ M Ww 344 0.61 O34 071 0.21 0.76 
F 7 232 0.78 0.40 0.28 
Air-exposed controls .............. F 1S 0D 0.78 0.39 0.73 0.35 
25 ppm ethylene dibromide.. ae F 17 213 O82 0.40 2.54 OO 0.25 


terminal blood urea nitrogen level abnormal. The liver weights were increased, ahd 
microscopic examination revealed very slight central fatty degeneration of this 
organ ; chemical analyses on the liver gave very slightly increased total lipid values. 
No other organ weight changes were found other than a slight increase of kidney 
weights. No significant changes were observed upon histopathological examination 
of sections of lung, heart, kidney, spleen, adrenal, pancreas, lymph node, bone 
marrow, brain, muscle, urinary bladder, and stomach. 

Concentration: 25 PPM (0.19 Mg. per Liter) —(a) Rats: Groups consisting 
initially of 20 male and 20 female rats tolerated 151 exposures in 213 days without 
evidence of adverse effect as judged by general appearance and behavior, growth 
(Chart 2), final body and organ weights (Table 9), blood urea nitrogen values, 
results of periodic hematological examination, and results of gross and microscopic 
examination of the tissues. Mortality was high (50% ) in the male rats, due chiefly 
to pneumonia and infections of the upper respiratory tract. Seventeen of the 20 
female rats survived. 

Additional groups of 8 and 15 female rats, respectively, that received 13 seven- 
hour exposures in 17 days showed no ill effects as judged by the same criteria. The 
total lipid contents of the livers revealed no significant difference between the 
experimental and the control animals. 
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(/) Guinea Pigs. Groups consisting initially of eight male and eight female 
guinea pigs tolerated 145 seven-hour exposures in 205 days without evidence of 
adverse effect as judged by behavior, growth (Chart 3), final body and organ 
weights (Table 10). blood urea nitrogen values, and the results of gross and micro- 
scopic examination ot the tissues. Four of the eight males and two of the eight 


females died of pulmonary infection during the course of the experiment. 


An additional group of eight female guinea pigs that received 13 exposures in 
17 days likewise failed to show any evidence of adverse effects when judged by the 
same criteria. 

(c) Rabbits’ Three male and one female rabbit tolerated 152 seven-hour 
exposures in 214 lays without evidence of adverse effect as judged by general 
appearance and behavior, growth, final body and organ weights, blood urea nitrogen 
values, and results of gross and microscopic examination of the tissues. 

(d) Monkeys ‘ne male and one female monkey, subjected to 156 exposures 
in 220 days, exhilnted no evidence of adverse effect as judged by general appearance 
and behavior, results of periodic hematological examination, growth, final body and 


Taste 10.—-linal Average Body and Organ Weights of Male and Female Guinea Pigs That 
Had Been F-xposed to 25-PPM Ethylene Dibromide Vapor for 145 


Seven-Hour Exposures in 205 Days 


Average 
Body Organ Weights, Gm./100 Gm. Body Weight 
Group Pigs Gm Lungs Heart Liver Kidneys Spleen Testes 
Unexposed controls ' 1,166 0.55 4 2.79 0.49 0.08 0.42 


Alr-exposed controls O46 0.67 26 3.02 0.57 0.10 0.46 
25 ppm ethylene dibromide : 4 1,013 O57 6 3.22 0.55 0.09 0.42 
Unexposed controls . 5 oe 0.57 ‘ 2.92 0.50 0.11 
Air-exposed controls .. : SS4 9.74 2 3.08 0.57 0.12 
25 ppm ethylene dibromide . i 795* 0.76 2 3.03 0.57 0.12 


* P 06.07, compared with airexposed controls 


organ weights, blood urea nitrogen values, total lipid content of the liver, and results 
of gross and microscopic examination of the tissues. 


SIGNIFICANCE OF RESULTS 

Siigle Oral Dose —Studies on five species of laboratory animals have shown 
that ethylene dibromide is a fairly toxic material when given orally. If it is assumed 
that human subjects might be as susceptible to ethylene dibromide poisoning as 
the most susceptible of the animal species studied, then the life of the average adult 
human subject might well be jeopardized by ingestion of 1.5 to 2.0 ml. of ethylene 
dibromide, This is in amount of material which could easily be swallowed by 
accident 

Eye Contact.-Studies on rabbits have shown that while undiluted ethylene 
dibromide is not hkely to cause permanent injury to the eye, it probably will cause 
appreciable pain and soreness for a few days. Strong solutions (10% or more) 
may cause more serious injury than the undiluted material. 

Skin Contact Vests on rabbits have shown that when confined to the skin, 
ethylene dibromide is markedly irritating and is readily absorbed. The hazard from 
contact with uncovered skin is not particularly serious unless exposure is pro- 
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longed or frequently repeated ; occasional short exposures would not be expected 
to cause serious effects. On the other hand, relatively small amounts of the liquid 
spilled upon shoes, gloves, or clothing are very likely to cause blistering and serious 
irritation. Absorption does not appear to be as rapid as with phenol, aniline, or 
phenylhydrazine, and therefore the hazard may not be as great. 

Vapor Inhalation—Single Exposures —Experimental work with rats and guinea 
pigs has shown that the vapors of ethylene dibromide are lighly toxic if inhaled. 
(uantitatively, on a single-exposure basis, ethylene dibromide vapors are slightly 
more toxic than those of methyl bromide ** and appreciably more toxic than those 
of carbon tetrachloride,** tetrachloroethylene,** ethylene dichloride,’® and trichloro- 
ethylene.*" 

The hazard from breathing acutely dangerous concentrations of ethylene dibro- 
mide vapors probably is not as great as its toxicity might indicate. Unlike methyl] 
bromide, vapor concentrations of ethylene dibromide below those which are hazard- 
ous to life upon short exposure have a detinite and sickening odor. While this 
property of the vapor may not be sufficiently disagreeable to drive a person out of 
an acutely dangerous atmosphere, it certainly will warn of the presence of the vapor. 

In evaluating the hazards of single exposures for human subjects, the practicing 
toxicologist or industrial hygienist may find the values represented by the line EF 
of Chart 1 quite helpful. It is suggested that for such purposes these values be 
considered as maximal. 

Vapor Inhalation—Repeated Exposures——\Vhe experimental studies indicate 
that rabbits and monkeys and probably rats and guinea pigs can tolerate without 
adverse effects daily repeated seven-hour exposures to a vapor concentration of 
25 ppm of ethylene dibromide. These same species did not tolerate well the repeated 
exposures to a concentration of 50 ppm. The close proximity of the lines CD and 
EF and of point G of Chart 1 is significant. This indicates that ethylene dibromide 
effect does not have a high degree of chronicity; that is, vapor concentrations but 
slightly below those which are injurious upon single exposure may be tolerated 
repeatedly without adverse etfect. Furthermore, it indicates the rather narrow 
margin between exposures which are probably safe and those which may cause more 
or less serious injury. 

In a quantitative comparison of degrees of chronic toxicity. ethylene dibromide 
is appreciably more toxic than ethylene dichloride,’® tetrachloroethylene,?® and tri- 
chloroethylene.*® It is approximately as toxic as, or slightly less toxic in this respect 
than, carbon tetrachloride ** and methyl bromide.** Qualitatively. the irritant action 

23. Irish, D. D.; Adams, E. M.; Spencer, H. C., and Rowe, V. K.: The Response Attending 
Exposure of Laboratory Animals to Vapors of Methyl Bromide, J. Indust. Hyg. & Toxicol. 
22: 218-230, 1940. 

24. Adams, E. M.; Spencer, H. C.: Rowe, V. K.: MecCollister, D. D., and Irish, D. D.: 
Vapor Toxicity of Carbon Tetrachloride Determined by Experiments on Laboratory Animals, 
A. M. A. Arch. Indust. Hyg., to be published. 

25. Rowe, V. K.; McCollister, D. D.; Spencer, H. C.; Adams, F. M., and Irish, D. D.: 
Vapor Toxicity of Tetrachloroethylene for Laboratory Animals and Human Subjects, A. M. A. 
Arch. Indust. Hyg., to be published. 

26. Adams, E. M.; Spencer, H. C.; Rowe, V. K.; McCollister, D. D., and Irish, D. D.: 
Vapor Toxicity of Trichloroethylene Determined by Experiments on Laboratory 


Animals, 
A. M. A. Arch. Indust. Hyg. 4:469-481, 1951. 
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produced upon the lungs by relatively low concentrations of ethylene dibromide was 
not observed with the chlorinated hydrocarbons or with methyl bromide. 

In evaluating the hazards of regularly repeated seven-hour exposures for human 
subjects, 25 ppmi is the highest concentration which can be considered permissible. 
More definite conclusions must be withheld until additional evidence regarding 
actual experience with human subjects is available 


PRECAUTIONS FOR SAFE HANDLING 


Ingestion \Ithough the hazard of ingestion in industrial handling is generally 
not of — importance, precautions should be taken to have containers properly 
labeled at all times so as to avoid the possibility of mistaken identity. If the material 
should he ashen accidentally, vomiting should be induced as quickly as possible 
in order to remove any unabsorbed material from the stomach. Medical attention 
then should be obtained. 

Eye Contact-—lye protection is recommended for those handling ethylene 
dibromide, \ face shield or goggles will probably afford adequate protection. If the 
eyes should become contaminated, they should be flushed as quickly as possible with 
copious amounts of water for at least 15 minutes. Medical attention then should 
be obtained 


Skin Contact. Vechniques for handling liquid ethylene dibromide should be 
such that prolonged or frequent contacts with the liquid do not oceur. It is particu- 
larly important to prevent contamination of any covering of the skin. In case of 
accident, contaminated clothing should be removed promptly and not worn again 
a absolutely free of all odor of ethylene dibromide. Contaminated skin should 

cleansed promptly with soap and water. li blistering or other serious injury 
eine occur from contact with ethylene dibromide, medical attention should be 


obtained. Protective clothing, such as gloves and boots, for use in handling ethylene 


dibromide should be chosen carefully. As pointed out by Calingaert and Shapiro,’ 
certain materials offer better protection than others. 


Vapor Inhalation —Installations for the manufacture, handling, and use of 
ethylene dibromide must be designed to ensure that vapor exposures will be 
maintained at safe levels. The results of experiments reported herein indicate the 
maximum intensities of single and repeated exposures which can be considered 
permissible for human subjects. If it becomes necessary for persons to enter an 
area contaminated with appreciable amounts of ethylene dibromide vapor, a gas 
mask should be worn. In most instances a full-face mask with a black canister for 
organic vapors will be suitable. In those cases in which vapor concentrations may 
approach or exceed 2 concentration or in which there may be a deficiency of 
oxygen, an air-supplied or a self-contained breathing apparatus should be utilized. 
If a person should be overcome from vapors or feel ill from inhaling them, he should 
be removed to fresh air and kept warm. Any contaminated clothing should be 
removed and the skin thoroughly cleansed with soap and water to prevent the possi- 
bility of the material's being absorbed through the skin. Medical attention should be 
obtained promptly 


SUMMARY 


The administration of single oral doses of ethylene dibromide yielded the follow- 
ing L..D).s0’s (gm./kg.) for laboratory animals: female mice, 0.420; male rats, 


fj 


ROWE ET 1.—TOXICITY OF ETHYLENE DIBROMID! INIMALS 173 


0.146: female rats, 0.117; guinea pigs (mixed sexes), 0 110; chicks (mixed sexes), 
0.079, and female rabbits, 0.055. 

Ethylene dibromide caused obvious pain and some injury to the rabbit eve; 
healing, however, was complete and not prolonged. 

When ethylene dibromide was applied in single or repeated doses to the rabbit 
ear, it caused only a slight, simple irritation. However, when c nfined to the skin, 
the material caused a severe burn and was absorbed through the skin. 

Rats were exposed to ethylene dibromide vapor tor single periods on a varying 
concentration-time basis. Statistical analysis of the data obtained permitted the 
graphing of lines representing the single exposures expected to cause 0.01, 50, and 
99.996 mortality of rats. Additional exposures were made to determine the most 
severe single exposures which were without detectable adverse etfects in rats 

When animals were subjected to daily seven hour exposures, five days a week, 
for approximately six months, rabbits and monkeys and probably rats and guinea 
pigs tolerated 25 ppm without adverse effects. .\ concentration of 30 ppm was not 
well tolerated by any of the four species. 

The acute toxic effects observed in rats were depression of the central nervous 
system, lung irritation, and injury to the liver and the kidneys. The most important 
toxic effects resulting from repeated exposures were irritation of the lungs and 
injury to the liver, 

Tentative conclusions are drawn with regard to vapor exposures probably sate 
for human subjects. It is suggested that with single exposures the maximum inten 
sities which probably will not cause adverse effects may be represented by such 
values as 0.1 hour at 800 ppm, 1.0 hour at 200 ppm, and 7.0 hours at 50. ppm. 
Similarly, for regular daily seven-hour exposures of human subjects, 25 ppm is 
the highest concentration that can be considered permissible. More definite conclu- 
sions must be withheld until evidence regarding actual experience with human 
subjects is available. 

Precautions for the safe handling of ethylene dibromide are suggested. 
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ANTICHOLINESTERASE ACTIVITY OF TRIBUTYL PHOSPHATE 


JEAN CAPTAIN SABINE, M.D. 


AND 
FRANCIS NEWTON HAYES, Ph.D. 
¢ LOS ALAMOS, N. M 


VINCE a number of organic phosphates are known to be inhibitors of cholin- 
esterase,’ a brief investigation was carried out to determine whether cholinergic 
symptoms were likely to develop in persons handling tributyl phosphate (TBP ).? 
The results show that both the technical and the reagent grades of this substance 
possess very weak anticholinesterase activity and that very large doses produce 
cholinergic symptoms in vivo. It is concluded that precautions suitable to the hand- 
ling of organic solvents in general would amply suffice to protect against acute 
cholinergic toxicity. Chronic toxicity and pathologic changes were not a part of this 
investigation. 


Effects of Acetylcholine (ACh) and Tributyl Phosphate (TBP) Administered to Rats* 


ACh, ACh, TBP, TBP, TSP, TBP, Saline- 
2.5 meg ml mil mil 6.2 ml Buffer, 
Symptoms; Onset and Duration ip ip i,m po. 
Hypersalivation.. 34 ; 3+ 
Bleeding trom eyes 2+ 
Pallor . ‘ 34 3+ 3+ 3+ 1+ 
Muscular twitching ‘ 2+ 
Paralysis $+ i+ 4+ 
Gastrointestinal disturbance 
Coma: onset 15 min hr 
Onset of symptoms min Simin 3 min 3 min 3 min 
Duration of symptoms min 40 min hrs 30 min 20 min 
Outeome .. Recovery Reeovery Death Recovery Reeovery Recovery 


*Key to abbreviations: i. p., intraperitoneally; i. m., intramuscularly; p. o., per os 


PROCEDURE 


In Tate Phe cholinesterase activity of a human red blood cell hemolysate was determined 
at Various concentrations of acetylcholine iodide by continuous titration at pH 7.0 and 37 C. in 
the presence of varying amounts of tributyl phosphate. 

This work was done under the auspices of the Atomic Energy Commission. 

Krom the Los Alamos Scientific Laboratory of the University of California. 

1. Koelle, G. B., and Gilman, A.: Anticholinesterase Drugs, J. Pharmacol. & Exper. 
Pherap. 95 (Pt. 2): 166, 1949 

2. Technical grade TBP, butanol-free (Commercial Solvent Company), was supplied by Mr. 
Harry F. Schulte of the Industrial Hygiene Group of this laboratory, at whose request this 


Investigation Was carried out 
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In Vivo.—Seven male white rats (Sprague-Dawley strain), weighing 180 to 200 gm., received 


tributyl phosphate orally and parenterally, and acetylcholine (ACh) parenterally in the dos- 


ages indicated in the accompanying table. For intraperitoneal injection tributyl phosphate was 
washed three times in phosphate buffer of pH 7.3. Acetylcholine bromide, 50 mg., was dissolved 
in 10 ml. sterile phosphate-buffered saline of pH 7.3 


Circles of gauze about 34 in. (19 mm.) in diameter were saturated with tributyl phosphate 
(20 drops), covered with small lucite® discs, and strapped with adhesive tape to the shaved 


abdomens of three rats. These were left in place for five days. The rats were observed at fre- 


quent intervals during the first three to four hours and then daily for two weeks. 


To test the possibility that the effects of oral and parenteral administration of tributyl 


phosphate might be attributed to traces of powerful inhibitors of cholinesterase present in the 


commercial product, standard chemical procedures were applied to remove contaminants that 


were different from pure tributyl phosphate in vapor pressure or adsorbability. The commercial 


material was fractionally distilled under vacuum into three portions: (a) fore-run, (b) main 


fraction, and (c) residue. Fraction > was subsequently chromatographed through alumina 
| 


(AlLOs) to give fraction d, purified tributyl phosphate free from contaminants of similar 


volatility and significantly greater affinity for alumina 


RESULTS 


Cholinesterase Inhibition in Vitro—When 0.5 ml. of tributyl phosphate was 


added to the 90-ml. reaction mixture with human red cell hemolysate at optimal sub- 


strate concentration (1 * 10°° M acetylcholine), a slight decrease of activity (5 to 


7%) was observed. Smaller amounts of the phosphate had no measurable effect. 


When larger amounts were used, mixing was obviously incomplete, and inhibition 
A 


was not increased. Analysis of the activity-pS curve * suggested that the inhibition 


was competitive,’ but the very small amount of inhibition made this point difficult to 


establish. It was considered profitable to discontinue this type of investigation and 


allow the results to act as a guide in choosing dosages for animal experiments. 


Blank determinations with tributyl phosphate and red cells in the absence of 


acetylcholine showed that the red cells do not contain any enzyme capable of splitting 


tributy! phosphate to form acid and that there is no measurable spontaneous break- 


down of the phosphate under these conditions, either of which events would mask 


the phosphate’s inhibition of cholinesterase. 


Tributy] phosphate had a similar slight inhibiting action on the cholinesterase of 


human plasma at 1 10° M acetylcholine. This substance is not a selective inhibi- 


3. Activity plotted against Log (1/S) where S is the substrate concentration 


4. The experimental value of As in the presence of tributyl phosphate was a 3 ee 


compared with 2.0 x 10-4 in the absence of the inhibitor. For a discussion of the kinetics of 


inhibition of this type of enzyme, see K. B. Augustinsson (Cholinesterases: A Study in Com- 
parative Enzymology, Acta physiol. scandinav. [Supp. 52] 15:1, 1948, p. 98 ff). The distinction 


between competitive and noncompetitive inhibition may be of importance in predicting physio- 


logical effectiveness from measurements made in vitro. Acetylcholine is physiologically effective 


in concentrations of the order of 1 x 10 M, and it is the function of the enzyme to reduce the 


concentration of acetylcholine rapidly to physiologically inactive levels. It can be calculated from 
Haldane’s equation (Haldane, J. B. S.: Enzymes, New York, Longmans Green & Co., 1930) 
that a competitive inhibitor of this type of enzyme which slows the reaction to 90% of its 


1 


normal rate at 1 X 10° M acetylcholine would slow it to 50% at 1 * 10 M, assuming the 


extrapolation is sound. A noncompetitive inhibitor slows the reaction by the same fraction at 


all substrate concentrations. 
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tor of plasma enzyme. No further work was done with plasma, since it has been 


shown that total inhibition of the plasma cholinesterase does not produce cholinergic 
symptoms 


Animal E.xperiments—The results of the first animal experiment are shown in 
the table and require little comment. In appearance and behavior all the animals 
receiving tributyl phosphate were very similar to the animals receiving acetylcholine ; 
variations were in intensity of symptoms rather than in kind. The only symptoms 
observed with tributy] phosphate which were not also seen with acetylcholine were 
sleepiness and coma. The duration of symptoms of comparable severity was longer 
with tributyl phosphate than with acetylcholine, as would be expected since the body 
is equipped with a very efficient mechanism for the rapid destruction of acetylcholine. 
When rats received intraperitoneally 0.1 and 0.2 ml. of the fore-run and the residue 
from fractional distillation (a and c, p. 175), the first chromatographic fraction 
(dp. 175), and chemical reagent TBP (Eastman), the course of events was very 
similar to that recorded for the intraperitoneal (i. p.) dosages of the table. 

The three rats to whose skin tributyl phosphate was applied for tive days showed 
no symptoms. When the discs were removed, the skin appeared superficially 
necrotic. Healing was rapid, and in a few days the skin was obviously returning 
to normal condition. 


COMMENT AND CONCLUSIONS 

Although tributyl phosphate is certainly capable of producing cholinergic symp- 
toms, the doses required are so large that the risk of accidental absorption of acutely 
toxic amounts is negligible. If the dosages for rats are roughly applicable to humans, 
it would be necessary for the development of symptoms that a human ingest a dose 
in the order of 100 ml. or receive several milliliters parenterally. These doses are in 
the order of 10,000 times the effective doses of the powerful anticholinesterase 
di lsopropy| fluorophosphate reported by Grob and co-workers.’ 

Tributyl phosphate should, of course, be handled under conditions of ventilation 
which preclude inhalation, and with avoidance of skin contact or accidental ingestion, 
as should organic solvents in general. We wish to emphasize that this investigation 
has not demonstrated that tributyl phosphate is harmless but only that it is not a 
powertul inhibitor of cholinesterase. 


SUMMARY 


Preparations of tributy] phosphate, both technical and reagent grades, are weak 
inhibitors of both major types of cholinesterase. 
5. Hawkins, R. D., and Gunter, J. M.: Selective Inhibition of Pseudocholinesterase in 
Vivo. Biochem, J. 40:192, 1946. Mazur, A. and Bodansky, O.: The Mechanism of in Vitro 
and in Vivo Inhibition of Cholinesterase Activity by Di-Isopropyl Fluorophosphate, J. Biol. 
Chem. 163:261, 194¢ 


6. Grob, D.: Lilienthal, J. L., Jr.; Harvey, A. M., and Jones, B. F.: The Administration of 
Di-Isopropyl Fluorophosphate (DFP) to Man: I. 


{ Effect on Plasma and Erythrocyte Cholin- 
- General Systemic Effects; Use in Study of Hepatic Function and Erythropoiesis ; and 


Some Properties of Plasma Cholinesterase, Bull. Johns Hopkins Hosp. 81:217, 1947. 


esterase 
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Large doses (1 ml. per kilogram) of tributyl phosphate injected intraperitoneally 
into rats produced symptoms similar to doses of acetylcholine ranging from 25 to 75 
mg. per kilogram. The symptoms from tributyl phosphate were of longer duration 
than symptoms of equal severity produced by acetylcholine. Sleepiness followed 
by coma were the only symptoms caused by tributyl phosphate which were not 
observed even with very large doses of acetylcholine. 

Oral and intramuscular administration of similar doses of tributyl phosphate 
produced only mild, transient symptoms. 


It is concluded that the handling of tributyl phosphate does not incur special 
hazards due to its anticholinesterase activity, and that precautions appropriate to 


organic solvents in general should give ample protection against this physiological 
property. 
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Special Reports 


THRESHOLD LIMIT VALUES FOR 1952 


Adopted at the Meeting of the American Conference of Governmental Industrial 
Hygienists in Cincinnati, in April, 1952 


GASES AND VAPORS 


SUBSTANCE PPM 
Acetic anhydride .. 5 
500 
Acrylonitrile .............. 20 
100 
Isoamyl alcohol ............ 100 
5 
0.05 
Senzene (benzol) .......... 35 
1 
1,3-Butadiene ................ . 1,000 
100 
n-Butyl acetate 200 
Butyl cellosolve® 

(2-butoxyethanol) 200 
Carbon dioxide ... ........ 5,000 
Carbon disulfide .. 20 
Carbon monoxide 100 
Carbon tetrachloride 50 
Cellosolve® (2-ethoxyethanol) 200 
Cellosolve® acetate 100 
1 
Chlorobenzene 75 
2-Chlorobutadiene 25 
Chloroform 100 
1-Chloro-1-nitropropane 20 
resol 5 
Cyclohexane 400 
Cyclohexanol 100 
Cyclohexanone 100 
Cyclohexene 400 


SUBSTANCE 
Cyclopropane (propane) .......... 


o-Dichlorobenzene 


1,1-Dichloroethane 


1,2-Dichloroethane (ethylene 
dichloride) 


1,2-Dichloroethylene 


Dichloroethyl ether 


Dichloromethane 


1,1-Dichloro-1-Nitroethane ........ 


1,2-Dichloropropane (propylene 
dichloride) 


Dimethyl amine 


Dimethylaniline 


Dimethvlsulfate 


Ethyl acetate 


Ethyl alcohol 


Ethyl amine 


Ethyl benzene 


Ethyl bromide 


Ethyl chloride 


Ethylene chlorohydrin 


Ethylene oxide 


Ethyl ether 


Ethyl formate 


Ethyl silicate 


F luorotrichloromethane 


Formaldehyde 


Gasoline 


Heptane 


Hexane 


500 


10 


100 


ur 


PPM 
Dichlorodifluoromethane .......... 1,000 
| 
Dichloromonofluoromethane ....... 1,000 
4 
4 
Dichlorotetrafluoroethane ..........1,000 
| 
| 
| 
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Hydrogen 


Hydrogen 
Hydrogen 
Hydrogen 
lodine ... 
Isophorone 
Isopropyl 


Isopropyl 


Metnanol 


Methylal 
Methyl bri 
Methyl bu 


(2-meth 
Methyl ce 
Methyl ch 


Methyl! fo 
Methyl is« 
Naphtha ( 
Naphtha 


Nitroethar 


Antimony 


Arsen 


Barium 


Cadmium 


as CrO 


Dinitrotol 


Lead 


Methy acetate 


Methyleyelohexanone 


Nickel carbonyl 


Nitrobenzene 


SUBSTANCE 


Chlorodipheny] 


Cyanide as CN 


SUBSTANCE 


cyanide 
fluoride 
selenide 
sulfide 
alcoho! 


ether 


Mesityl oxide 


tanone 


Methyl cellosolve® 


»xyethanol ) 
llosolve® acetate 


loride 


Methylcyclohexane 


Methyleyclohexanol 


rmate 


)-butyl ketone 
(petroleum) ......... 


Chromic acid and chromates 


THRESHOLD 


FUMES, 


LIMIT VALUES 


Xidtes ther 


methyl propa 


Phosphine 


Phosphorus trichloride 


Propy acetate 
Stibine 
Stoddard solvent 


styrene 
Sultur chloride 


sullur «i 


ult xide 
1,1,2,.2- Tetrachloroethane 
Petrachloroethylene 
Poluidine 
lrichloroethylene 
Purpentine 


Vinyl chloride 


Xylene 


AND 


MISTS 


SUBSTANC! 


Manganese 


Mercury ‘ 
Pentachloronaphthalene 
Pentachlor¢ iphene 


Phosphorus (yellow) 


Phosphorus Pentachloride 


Phosphorus Pentasulfide 
Selenium, as Se 


Sulfuric acid 


Tellurium 


Trichloronaphthalene 
Trinitrotoluene 


Zine oxide fume 


than 


N:0). 


none } 


MOMCF .. 


PPM 
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0.5 


PPM SUBSTAN Ll 

10 

500 

MG. PER MG. PER 
CU. M. CU. M. 
Magnesium oxide fume ........... 15 15 
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MINERAL DUSTS 
UBSTANCH MPPCF SUBSTANCH MPPCF 
Alundum 30 Silica 
Asbesto : : 5 high (above 50% free SiOz) ..... 5 
Carborundum ; 50 medium (5 to 50% free SiOz) ... 20 
Dust (nuisance, no free silica) ....- 50 low (below 5% free SiQO2)....... 50 
Mica (below 5% free silica) : 20 Slate (below 5% tree SiOz) ...... 50 
Portland cement By 50 Soapstone (below 5% free SiOz) .. 20 
Talk A) Total dust (below 5% free SiOz) .. 50 


RADIATIONS 


MATERIAL OR RADIATION MATERIAL OR RADIATION 


w 


Gamma (roengtens per week) ..... 0.. Roentgen (roentgens per week) ... 0.3 


ARTHUR J. VorRVALD 


KINGSLEY Kay 
L. F. WELLER 
D. H. Byers 

L. T. FarrHALt 


Attan L. Coteman, Chairman 
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Abstracts from Current Literature 


Occupational Diseases and Hazards 


Current Concepts or Beryttium Porsoninc. H. S. Van Orpstranp, Ann. Int. Med. 
35: 1203-1217 (Dec.) 1951. 


\ summary is presented of research work on Be poisoning being carried ont in various 


parts o Ms sewl q 23 renees 
parts of this country and elsewhere. There are 23 reterenes Nocuean Sc. Aner: 


INpUSTRIAL CANCER OF THE LuNGs. May R. Mayers, Compens. Med. 2:11 (March-May) 
1952 

The field of environmental cancer holds special promise, because it deals with a few specific 
chemical and physical agents which can produce cancer at specific primary sites of predilection. 
Though little is known of mechanisms of action, the opportunity to study them is unusually 
good. Laboratory studies confirm the carcinogenicity of some 200 chemical agents for appro- 
priate animal species, but species-specificity prevents a routine extrapolation to man. 

Many agents are suspected of intluencing the development of cancer of the respiratory tract, 
but few are known to be the cause of primary carcinoma of the lung. The incidence of lung 
cancer has been steadily rising at a rate beyond that observed for cancer of other sites. This 
coincides with present-day technological advances, when imcreasing numbers of industrial workers 
are exposed to a greater quantitative and qualitative variety of chemical and physical agents 
Hence there has been a special interest in air contaminants and their geographical distribution. 
Lung cancer in industry presents a real challenge to industrial hygiene workers 

Inhalation of toxic agents may result in injury to anatomic sites far removed from the point 
of entry. For instance, inhalation « 


ft carbon tetrachloride affects the liver and kidneys; 
carbon disulfide affects the central nervous system; benzol injures the hematopoietic system, and 
betanaphthylamine, the urmary bladder. Lead does not produce lung pathology, and there is m 
definite evidence that inhalation of arsenic is capable of causing lung cancer. The pneumoconioses 
vary in their association with lung cancer ; silicosis is not apparently associated with or productive 
of lung cancer, but asbestosis probably is 

The full importance of acute and chronic irritation upon exposure to air contaminants in the 
form of solvents, their role as sensitizing agents resulting in allergies or as acute irritants 
tesponsible for local tissue damage, cannot be fully appraised at this time 

Synergistic action of chemicals and the individual differences in the susceptibility of humans 
should not be overlooked. The need tor continued adjustment in safe standards and the pre- 
vention of long-term cumulative effects in industrial workers are self-evident, but it may take 
many years to develop these to an optimum pot 


Known and suspected carcinogens are reviewed under the headings of inorganic and organic 


chemicals and of radiation. The role of research is emphasized in the total perspective of 
industrial health 


L. S. SNEGIREFF, Boston 


DIFFERENTIAL DIAGNOSIS OF SIDEROSIS AND Siitcosis. L. E. Hamuirn, Indust. Med. 24:1 
(Jan.) 1952. 


Siderosis is a form of benign pneumoconiosis which results when inert iron dust is deposited 
in the lungs without fibrosis or disability of any kind. Silicosis is a disease of the lungs caused 
by breathing air containing uncombined silicon dioxide dust, wth generalized nodular fibrotic 
changes in the lungs. Because the two conditions resemble each other so closely from a radi- 
ological aspect, diagnosis should be based upon the following: the character and components 
of the dust; a quantitative determination of harmful substances present; an estimation of the 
size of the dust particles, since only those below 34 are believed to be retained by the alveoli; 
the length of exposure; the constancy of such exposure. 
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A table is given as an aid in distinguishing between the two conditions, which lists such 
differentiating features as occupational history; data from industrial-hygiene plant surveys; 
signs, symptoms, and disability shown by physical examination; gross and microscopic patho- 


ogic aspects, and roentgenogram. , ) 
loy CLrement Yantra, Boston 


Dentat Srupies oF Five Leap Piants. Epwarp R. Aston, Indust. Med. 

21:17 ( Jan.) 1952. 

A voluntary screening program consisting of clinical inspection of the teeth and tissues with 
mouth mirror and explorer plus bite-wing examination was undertaken at five plants making 
storage batteries. In lead workers, lead sulfide is deposited in the gingival tissues producing 
a “lead line.” In many cases, deposits of black-colored calculus were found under the gingival 
edge but differed from the “lead line” in that they could be removed by scaling, showing that 
no lead had been deposited in the capillaries of the gingivae. The acid mists to which some 
workers are subjected cause discoloration and dissolution of the enamel. There is an effect on 
the soft tissues and supporting structures producing gingivitis and resorption of the alveolar 
tissu Storage of lead in the tooth structure is discussed with general dental conditions of the 
worker Poor oral hygiene plays a great part in determining the amount of lead inhaled or 
ingested. The objective is therefore to maintain a high degree of oral hygiene. The extent of 
dental service and its cost are discussed. In industries having a definite hazard, such as lead 
and acid, it is felt that financial responsibility should be assumed by the company. The mini- 
mum personnel required for the service for an average plant of 1,000 employees are a part-time 


dentist, a full-time dental hygienist, and a full-time dental nurse or clerk. 


CLEMENT YAHIA, Boston. 


Some Prosiems or TRAUMATIC CAUSAL RELATIONSHIP IN THE DEVELOPMENT OF LUMBAR 

Disk Hernia. J. H. Siris, New York J. Med. §2:717 (March 15) 1952. 

In cases of herniated lumbar disk following industrial accidents the results of surgical treat- 
ment are generally regarded as not as good as those in the nonindustrial group. This may be 
due in part to the anxiety associated with long-standing controverted claims, which may possibly 
have the effect f intensifying any residual symptoms. 

Problems having to do with questions of traumatic causal relationship in cases of herniated 
lumbar disk following industrial accidents are considered as follows: 

\t times it is found that sciatica developing after back trauma is probably not due to disk 
hernia or other surgical lesion. Yet, in rare instances, generally because of prolonged absence 
from work and failure to respond to conservative treatment, exploration is undertaken on the 
outside chance that the clinical impression is incorrect and a surgical lesion is present. Occa- 
sionally, in such a case improvement may result from unroofing the local spinal nerve, while 


the disk is found to be essentially normal. When no abnormality is found at operation, it is 
obvious} 


y dithcult to determine causal relationship on the basis of surgical findings alone. How- 
ever, in the present state of ignorance of the nature of some forms of sciatica it may be reason- 
able to attribute such a syndrome to a bona-fide back trauma which it may have followed, also 
to ascribe exacerbation to any subsequent back injury, which may have provoked recurrence or 
intensification of the clinical picture. 

Phese particular difficulties suggest that in all cases it may be desirable to assess the ques- 
tion of causal relationship preoperatively on the basis of clinical criteria rather than to await 
the findings at operation. 

This would offer a twofold advantage as follows: It would not discourage operation for 
those patients who are unlikely to have a frankly protruded disk but who might benefit by nerve 
decompression. It may also eliminate the frequent prolonged period of postoperative contro- 
versy in borderline cases, the attendant anxiety of which might serve to retard the patient’s 
convalescence. 


L. and F. Torot, Encyclo. méd.-chir. poumon 12:6018 A10, 20, 
30, 40, 1951 
The authors discuss the etiology of silicosis, noting the principal toxicity factors of silica 
dust (composition, dimensions, concentration in the atmosphere, and duration of exposure to 
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the dust) 


and enumerating the occupations [his short review ts 
followed by a study of the macroscopic lesions found in the lungs in this disease. These lesions 
include small nodules (1 to 2 mm. in diameter), either adhering to the parenchyma or easily 
discernible, large nodules (several millimeters in diameter), silicotic blocks with an automobile 
tire consistency. The localization of the nodules is variable Phe silicotic blocks are generally 
localized in the upper lobe. In connection with the disease emphysema, tracheobronchial ade- 


nopathies, and often pachypleuritis are also noted. Microscopic examination shows the nodules 
to have a center formed by hyaline-fused cells, whereas their periphery is tibrous and contains 


the dust particles, as shown by microincineration. In the case of the silicotie blocks, the centet 


ome Osseous 
Phe authors describe the histological changes found in some complications like tuberculosis 


The mode of action of silica dust is not very clear and seems related to the insolubility of silica 
nd/or to the exchange of ions between the particles and the tissue. Experimentation is difficult 
and has never led to observation of true silicotic nodules 

Phe authors next treat of the progressive development of silicosis from a clinical point ot 
view, the disease being accompanied by a dyspnea important in stress and sometimes also by a 
stitch mm the side, cough and expectoration The latter, symptoms, however, are not so charac 
teristic, as they are often found in mine workers without silicosis. The general state ot 
the silicotic’s health is often good, chiefly in the early stages. The typical roentgenograms 
how the so-called pinhead or snowstorm lesions, both of which are bilateral (plain silicosis), 
or darker large shadows which are sometimes unilateral (silicotic blocks). Atypical lesions 
also occur Phe classification of the roentgenograms and of the different stages of silicosis 1s 
discussed, and the importance of tomography 1s stressed 

The authors then review the symptoms and methods by which silicosis is diagnosed. The 
symptoms include dyspnea and increased length and roughness of expiration Although the 
sedimentation rate is greatly increased in silicotuberculosis, it is less so in pseudotumoral lesions 


and in plain silicosis. The value of a hematological examination is stressed. The functional 
examination of the lungs by digraphy (in which an inspiratory picture and an expiratory picture 
are superimposed on the same plate) shows a reduction of the amplitude otf respiratory move- 
ments. Graphic spirometry shows, among other things, a reduction of vital capacity, which may 
go as low as 0.51. The pneumotachograph shows a lengthening of expiration, a short and ample 
inspirath n, and a decrease in res] irate ry rate The tests of stress, such as the step test and 
the ergometric-bicycle test, are hard to‘ interpret Bronchodilators an 


1 bronchoconstrictors 
yield different results with different persons, but, in spite of this, acetylcholine allows a differ- 


entiation between silicosis and asthma, chronic bronchitis, or emphysema 

The stages in the evolution of silicosis and silicotuberculosis are discussed in considerable 
detail, including the cardiac complications which may appear. The present methods of therapy 
are outlined. The authors indicate means to prevent silicosis and conclude with a discussion 
of the legislation regarding control of the disease enacted in France 


Jean Rever, Boston 


SurGicaL Aspects OF SILICOTUBERCULOSIS. A. Bonntot, Lyon chir. 47:305 (April) 1952. 


Of seven miners operated on for silicotuberculosis, three submitted to lower lobectomy, two 
to upper lobectomy, one to pleuropneumonectomy, and one to pneumonectomy. 

The patients operated on presented common characteristics as follows: All were miners 
between the ages of 25 and 39; all had unilateral tuberculous cavitary lesions refractory to 
pneumothorax. The removed lung or lobe was dark, slate-colored, hard, and irretractile. It 
reminded one of an old rubber tire, and was thus completely different from that observed in 
pulmonary tuberculosis. Microscopic examination of the removed specimens was performed in 
five of the seven cases, and typical hyaline fibrous nodules were found in four, while pronounced 
roentgenologic signs of silicosis were evident in the fifth and in the two other cases in which 
microscopic examination was not done. The occurrence of tuberculosilicotic lesions has thus 
been proved in all seven patients. 

The typical histological lesions of silicosis did not correspond to the length of time of the 
exposure. In most of the cases the hyaline fibrous nodes were hardly visible among the con- 
fluent tu’ erculous lesions. According to the author, the tuberculous caseation deprives the 
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hyaline fibrous nodules of their specitic appearance. A short exposure to silica may not cause 

ional disturbances and may produce only very mild roentgenologic changes but may, never- 
theless, alter the pulmonary tissue to such a degree that the tuberculous lesions which may 
develop in this environment are refractory to collapse therapy. Because of the fact that these 
mixed lesions consisting of localized cavitary bacterial foci developing on a discrete. silicotic 
basis do not yield to any other type of treatment, excision seems to be justified. The follow-up 
period has been only two years in one patient, whose condition is excellent, and less than one 
vear the other patients; it is therefore still too early tor an evaluation of late results, but the 


ibsence of any postoperative respiratory insufficiency in all the patients showed that the post- 
perative course was not made worse by the presence of silicotic lesions and that the latter do 
not deprive the patients of the benefit: provided by the surgical intervention. The removed 
pecimens permit the study of silicotic lesions of various stages and thus make it possible to 


extend the range of the knowledge concerning these lesions, which so far has depended exclu- 
1V¢ n observations made at necropsy. 
SERUM PROTEIN AND ELECTROPHORETIC PATTERNS IN PULMONARY SILICOSIS. 
\. Bosecnts and G. Detta Porta, Med. lavoro 42:326 (Nov.) 1951. 
hitty-two workers with simple pulmonary silicosis and 24 with silicosis accompanied by infec- 
tious disease (almost all the infeetions—that is to say, 22 cases—being of tuberculous type) were 
subjected to seroprotein testing, with total-protem determination, electrophoretic analysis, iso- 


electric precipitation of the eugobulimic alpha, beta, and gamma fractions, determination of 


sedimentation rate, and nine colloidal lability tests. The totai-blood protem levels proved to be 


normal in most cases, being raised in the remainder; more precisely there was 8.20 gm. per 
1) ce. in 24% of the patients with simple silicosis who were inpatients of the Clinic, in 37% 
of those with simple silicosis who were outpatients, and in 31% of those with silicosis and 
associated tuberculosis. The blood albumin content was normal in 54% of the cases of simple 
silicosis, shghtly diminished in 25% and definitely diminished in 7%. In 58% of the cases of 


iicotuberculosis the blood albumin was below normal; 1. e., slightly below in 21% and markedly 


helow (under 3 gm. per 100 ce.) in 37%. The electrophoretic alpha globulins were normal in 


966% of the cases of simple silicosis but were increased in 71% of the cases of silicosis associated 


with infection. The electrophoretic gamma globulins were definitely above normal in 75 of 76 
Cast In 750 of all cases the levels were of distinctly pathological significance, that is to say, 
upwards of 1.50 gm. per 100 ce. Nephelometric analysis, following isoelectric precipitation of 


the euglobulinie fractions (Boselli’s test), showed increased gamma euglobulins in 68 of 76 
cases. Of the eight remaining cases seven showed an increase of the electrophoretic gamma 
globulins (in this case pseudoglobulins, probably gamma antibodies) and were clinically char- 
acterized by silicosis associated with acute infections of specific or nonspecific type. The type of 
reaction in the colloidal lability tests was mainly in accord with the blood content of the gamma 
euglobulins ; the eventual increase in gamma pseudoglobulins was not capable of rendering the 
colloidal lability reactions positive. The globular sedimentation rate proved to be normal (or but 
very slightly increased) in 73% of the cases of simple silicosis, definitely increased, on the 


other hand, m 


of the cases of silicotuberculosis and of other associated infections. 


ADAPTATION OF ENGLISH SUMMARY. 


Resunts OBTAINED ON SILICOTUBERCULOSIS DURING TREATMENT WITH MASSIVE 
oF Propronate. A. RauLe and R. Grister, Med. lavoro 43:4 
(Jan.) 1952 


Fight subjects suffering from silicosis accompanied by active, open tuberculosis and four 
100 


mg. ot testosterone propionate over a period of 10 to 15 days. There was noted in general a 


suffering trom active, open pulmonary tuberculosis only were treated with daily doses « 


ravorable eftect lasting for 15 to 20 days and consisting of improvement of subjective conditions, 
increase ot body weight, and rise ot the hemoglobin level. In eight cases there was also noted, 
10 days atter the suspension of the hormone treatment, increased androgenuria. The favorable 
effect of the testosterone has been ascribed either to the anabolic proteidic action peculiar to the 
hormone or to improved suprarenal function due in all probability to slowing down of the 


corticotropic antehypophyseal activity. ENGLISH SUMMARY 
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SILICOSIS AND SILICOTUBERCULOSIS IN MAKERS OF MiILL-Stones. FortTUNATO M. Trost, 


Med. lavoro 43:9 (Jan.) 1952. 


An inquiry as to liability to silicosis and tuberculosis complicating silicosis has been made 
on a group of 66 workers employed in making millstones, operating hand chisel and mallet on 
high-silica rock of two varieties, one containing 56% and the other 89% quartz 

Physical, x-ray, and laboratory examinations have revealed in the group 5 cases of silico- 
tuberculosis and 14 cases of silicosis, the former occurring after 16 years and the latter, with 
evidence of a micronodular type of fibrosis, after 9 years 

Such periods of dust exposure prior to the onset of the disease are much shorter than found 
generally in stone workers operating hand tools and are ce rrelated with the high silica content 
of the rock 

For an adequate control of dust exposure in this work a local exhaust system operating from 
independent exhaust hoods, so that the worker keeps a maximum distance from the tools, is 


recommended. 


ENGLISH SUMMARY. 


MopIFICATIONS OF RIGHT HEART AND PULMONARY CIRCULATION IN SILICOSIS AND SILICO- 
V. RercuMans, Med. lavoro 48:61 (Feb.) 1952 


The problems of the right heart in cases of silicosis and. silicotuberculosis are reviewed, 
and an opinion is formulated as regards hypertrophy ot the path of systolic discharge of the 
right heart in pneumoconiosis and the possibility of anatomne and functional compensation of the 
right heart in silicosis, It was not possible to demonstrate an increase of pressure im the lesser 
circulation by catheterization. In one case of emphysema and under conditions of hypo-oxygen- 


ation, hypertonia of the lesser circulation of the right heart was demonstrated. By recording 


states of pressure, and with a knowledge of the pattern of pressure 1 the right heart and in 
the pulmonary arteries, it was possible to make new observations on disturbances of correlation 
between the right and the left sides of the heart. It was also possible, by comparing the electric 
with the mechanical systole, to study the phase of isometric contraction in the musculature of 
the right heart 

Some problems relating to pulmonary circulation in silicosis, especially in unilateral cases, 
were solved by means of Zorn and Bolt’s method of selective filling ot the pulmonary vessels 
the 


The changes in the arteries constst chiefly in stretching and displacement, in retraction 
lumen with complete stenosis at times, and im capillary stagnation ot the contrast medium, as 
compared with the normal. In the veins there ts a greatly retarded discharge, thus affording 
a better visualization of the pulmonary vessels in silicotics as compared with those in normal 
subjects. The slowing down of the circulation in the pulmonary vessels in cases of serious 
silicosis deserves attention. By means of selective filling it is possible to acquire data relating 
to pulmonary sclerosis, endoangiitis obliterans, and nodular periarteritis. By use of Cournand’s 


double catheter, it is possible to measure the speed of the pulsation wave im the pulmonary artery 


From THE AUTHOR'S SUMMARY 


Siticosis: Review oF 717 Cases. J. Ansoua, V. Lappe, V. GARCIA, and others, Rev. méd. 

Chile 80:21 (Jan.) 1952. 

Analysis of 717 cases of silicosis in Chile showed that most of them occurred among workers 
in the copper mines and in the quartz and glass industries. Objective symptoms are chiefly 
conditioned by the two most frequent complications pulmonary emphysema and chronic bron- 
chitis. Pulmonary tuberculosis is the most serious complication ; it occurred in an active form 
in 88, or 12.2%, of the cases, and was inactive in 29 others (4%). Chronic cor pulmonale was 
found in 22 cases (3%). The authors state that chronic silicosis sometimes progresses even 
after the hazardous employment has been discontinued: in 11.2% of 89 patients no longer 
exposed to dust, silicosis progressed without complications, and in 7.8% tuberculous complica- 
tions developed. Silicosis is recognized as an occupational disease in Chile, and Chilean laws 


provide indemnities for affected workers. 
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rIONAL BroncuiaL AstuMa. Rejsek, Prac. lék. 3:319 (Dec.) 1951. 


asthma can be an occupational disease. It is therefore most important to define 

utes occupational bronchial asthma. Since the problem is a difficult one, it is advised 

se cases in which the allergen is exogenous and exists as a component of material 

process be considered as occupational. From the point of view of compen- 

sation it is ess al that the patient should have worked with material. The diagnosis should 
be made on asis of a thorough examination of the work place, the identification of the 
allergen, the taking of a complete case history, and a careful clinical examination of the patient, 
itification of the allergen by skin tests. The following compensation assessment 

to 40% disability tor simple bronchial asthma, 40 to 80% for complicated 


ind 100% for status asthmaticus and cardiac decompensation. 


FroM THE AUTHOR'S SUMMARY. 


DerMatitis. VerkKKo Acta dermat.-venereol. 31:630, 


hive cases of cheese-mite dermatitis caused by Tyroglyphus farinae occurring in a wholesale 


ported. Twenty-one out of 30 workers questioned had itching or 

wi osed to mite dust. Because of a decrease in sales there were more 

cheeses in the storehouses than normally, and the mites increased considerably in number, which 

fact explains the high incidence of irritation of the skin. 

In addition an outbreak of dermatitis caused by fig mites (Carpoglyphus) is reported in 
which six persons handling infested figs, imported from Greece, were affected. 

which were seen at the onset of dermatitis this was of small papules and/or 

erythematous areas and was probably caused by a toxic irritant in the mites. Finally, the mode 

of the irritant action of the mites and the prevention of dermatitis are discussed on the basis of 


personal observations and earlier publications. 


Autuor’s SUMMARY. 

OccUPATION ARSENICAL Dermatitis: A Stupy AMONG EMPLOYEES at A CoppER-ORE 
SMELTING WorK, INCLUDING INVESTIGATIONS OF THE SKIN REACTION TO CONTACT 
Arsenic Compounps. Ivar Hotme@uist, Acta dermat.-venereol., Supp. 26 34:1-214, 
1951.) (In English.) 


rhe sensitizing effect of As:Os, NazHAsOs, As:Os, NasAsOu, Cas(As¢ and Pbs(AsO,): 
was studied in employees of a copper-ore refinery by means of patch tests. The workers were 
classified as arsenic workers (1), other employees (II), and new employees (III). Positive 
reactions to pi As2O. were shown in 80.4% of I, 35.2% of II, and 30.39 of III, independ- 
ently of age groups. Ointments (50% As2.Os) with antipyrine or alkaline base caused more 
positive reactions than those with petrolatum base. A 1% solution of NazHAsOs caused positive 
and negative reactions in sensitized and nonsensitized persons, respectively; 2% or more con- 
centrated solutions induced positive reactions in all cases. Similarly a 2.5% solution of As2O, 
affected only sensitized persons, a 5% solution all persons. The reaction to a 10% solution of 
Nas As), varied considerably. Few positive reactions occurred with the Ca and Pb salts (low 
solubility). Dermatitis caused by crude As was produced by As compounds, mainly by AszOs. 
While 0.59 HeCrO, caused 1 positive reaction, 0.1% HgCl: 2, 10% NiSO, 4, 5% AgNOs 1, and 
1% KsCrO, 1 case in a large number of tests, these compounds were present in insufficient 
amounts to be responsible for allergic reactions. Epicutaneous tests with 2.5 to 20% H2zSQ, in I, 
II, and III indicated no differential sensitization; corrosive lesions occurred with concentrations, 
> 5% in all three classes. Tests with 0.5% solution of NasSeOs and H2SeQOs failed to cause 
allergic reactions. Concentrations of H:SeOs > 19% had pronounced toxic irritative effects. 
The factory operations are reviewed in detail; statistics on As sensitization in various operations 
J. H. Werspurcer [Cuem. Apst.]. 
FaccipakuM Mararia: An Eprtpemic AMONG NORWEGIAN WHALERS RETURNING FROM 

West Arrica. (In Norwegian, with English summary.) B. KNutTsen, Nord. hyg. tidskr. 

1-2:23, 1951. 

The epidemic involved 49 of 78 whalers returning to Norway from West Africa by air. 
Two died. The high incidence was due to ineffective use of mepacrine hydrochloride (same as 


bronchial asthma, (jie ‘ 
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quinacrine hydrochloride U. 5. P.). Chloroquine and paludrine are considered the drugs of 
choice for routine therapy and prophylaxis in malaria. In falciparum malaria mepacrine or 

oroquine sho ferred. 
chloroquine should be preferred SicNE ARNE BRUUSGAARD, Oslo, Norway. 
TupercuLosis Morpipity 1N PLantT PERSONNEL IN Osto. (In Norwegian, with English 

summary.) S. Garece, Tidsskr. norske legetor. 43:1603, 1951. 

A survey is made of cases of tuberculosis discovered by mass radiography in a group of 
plant employees in Oslo in the period from 1940 to 1949 

No significant correlation of morbidity and different occupations was demonstrated, but 
industry had the highest figures, commerce the lowest. 

There seems to be a somewhat higher frequency of tuberculosis in the smaller firms as com- 
pared with the larger ones. The control of the smaller firms will be intensified owing to the 


results of these investigations. : 
$< ese gations Signe ARNE BRUUSGAARD, Oslo, Norway. 


Industrial Toxicology 


EXPERIMENTAL StupIeEs IN METAL CANCERIGENESIS I. Nicxet Cancers 1s Rats. W. C. 
Hvueper, Texas Rep. Biol. & Med. 10:167 (Spring) 1952. 

For more than a century arsenicals were the only metallic chemicals that exhibited, upon 
occupational, environmental or medicinal exposure, causal relations to cancers in man. Observa- 
tions made during the last two decades in the field of occupational cancerigenesis have more or 
less definitely incriminated several additional metals or metallic compounds, such as chromates, 
nickel carbonyl, and asbestos Experimental investigations, moreover, have shown that beryl- 
lium and selenium are cancerigenic for certain species To this list of cancerigenic metals there 
may be added the various radioactive metals of natural or synthetic origin that have produced 
cancers in man and/or experimental animals 

In view of the growing scientific and practical importance of metal cancerigenesis, three 
series of experimental studies were initiated dealing with the following metals or their com- 
pounds; arsenic, chromium, chromite ore, nickel, uranium, beryllium, and asbestos. 

This paper reports the experimental procedure used and the results obtained in rats to which 
pure metallic nickel powder suspended in hydrous wool fat was given by three different paren- 
teral routes, being injected into the femur, pleural cavity, and the nasal cavity Phere were 25 
albino rats each in the two series that received a suspension of pure metallic nickel powder in 
hydrous wool fat into the right femur or right pleural cavity, while there were 20 rats in the 
series in which such a suspension was intr duced into the right nasal sinuses. Cancerous reac- 
tions were observed in 309 of the animals that died from 7 to 16 months after the start of the 
experiment. 

Of the total number of cancers observed, six were apparently osteogenic sarcomas, one 
originated from connective tissue at the site of injection, one from the epithelial lining of an 
osteomyelitis fistula, while two scemed to have developed from abdominal lymph nodes. 


The evidence obtained strongly suggests that finely dispersed metallic nickel may elicit in 
tissues of contact cancerous reactions. 

The minimal latent period of the tumors observed 1s about six months 

The scientific and practical importance of these observations lies in the fact that reports 
from English copper and nickel ore refineries made during the past 20 years have shown an 
excessive frequency of cancer of the lung, th nasal cavity, and the nasal sinuses among workers 
engaged in operations in which the hazard of inhalation of nickel carb nyl exists. According 
to a recent report of Merewether, there o¢ curred between 1923 and 1948, 47 cancers of the nares 
and nasal sinuses and 82 lung cancers among members of this occupational group. No similar 
observations have been recorded from Canada and Germany, where the Mond Process of nickel- 
ore refining is employed. While in previous years some investigators favored the view that 
inhalation of arsenic containing sulfuric acid fumes generated during the refining process was 
responsible for these respiratory tract caricers, this view has been abandoned as untenable by 
practically all investigators in more recent years. Circumstantial evidence incriminates nickel 
carbonyl vapors, since inhaled nickel carbonyl is rapidly decomposed in the lungs into carbon 
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monoxide and very finely dispersed metallic nickel which is precipitated on the respiratory sur- 


faces, as well as nickel dust 


Experimental proof for this concept has been lacking up till now. 


Hazarps or Rope Makino. James A. Smicey, Brit. J. Indust. Med. 8:265 (Oct.) 1951. 


Phe various hazards encountered in the production of rope are described, with the processes 
involved. The large quantity of dust in the preparing room gives rise to respiratory hazards. 
Phe respiratory condition when fully developed resembles chronic bronchitis with emphysema. 
Dust control measures are being taken, but in the preparing and carding rooms this is very 
difficult because of the vast amount of dust generated and the size and structure of the machines, 
Some reduction of dust is obtained by spraying the bales with water as they are opened and by 
treating the fibers with mineral oil as they pass through the card. 

Skin lesions are not uncommon in rope workers. Coal tar and derivatives are used as 
preservatives for rope exposed to water and weather. These are applied in an early stage of the 
manufacture, so that workers in every section of the industry are exposed. 

Phe noise level in the plaiting room is said by the author to be of the order of 150 to 200 
decibels. Without exception older workers have extreme nerve deafness, similar to that seen 
in boiler makers. At present only those already deaf have been hired as replacements for retiring 
workers 

Penosynovitis is observed in the women who braid the rope. This condition is observed 
mainly in experienced workers who have left the industry for a time and who attempt to achieve 


their former speed of braiding B. H. Ampur, Boston. 


Tue Toxiciry or Frank L. Weaver Jr. ALAN R. HovuGu, BENJAMIN 
Highiman, and Lawrence T. Farruarr, Brit. J. Indust. Med. 8:279 (Oct.) 1951. 


Methylal is now available on a tonnage basis, and some of its properties, especially those of 
a solvent, have led to its being used in industry. It is of value in the plastics and perfume 
industries and also as a special fuel. Beyond a few studies of its anesthetic action, no investigation 
of its toxicity has been reported 

In this study guinea pigs and mice were exposed to methylal. In gainea pigs a subcutaneous 
injection of 3.5 to 5 ml, of methylal per kilogram produéed anesthesia in 5 to 10 minutes, which 


lasted three to five hours. Doses above this produced immediate anesthesia and death. Guinea 


pigs exposed to 150% (153,594 ppm) methylal in air presented anesthesia in 20 minutes and 
died atter slow and irregular respiration, in 1% to 24% hours. 

Phe LL. Dosw value for male laboratory animals was 57 mg. per liter (18,354 ppm) based on 
a seven hour period of exposure. Most of the animals that died did so during the exposure. 
kighty per cent of the deaths occurred during the final hour of the exposure. 

In animals exposed to highly toxic concentrations of methylal, severe fatty changes developed 
in liver, kidneys, and heart and inflammatory changes in the lungs. Low concentrations produced 
no significant pathological symptoms. 

Phe threshold appears to be at about 11,300 ppm. A tentative safe concentration proposed for 
workers exposed to methylal vapors for an eight-hour work day is 1,000 ppm. 


B. H. Ampur, Boston. 


Tue Ervect or Benzene AND OF CARBON TETRACHLORIDE ON THE CONCENTRATION OF 
Certain Viramins, Fat AND NITROGEN IN THE LIVER OF THE Rat. MAvrIce E. SHILS, 
MARTIN Sass, MARGARET WoLkKE, GRACE Marks, LEONARD J. GOLDWATER and AARON 
Bero, Brit. J. Indust. Med. 8:284 (Oct.) 1951. 


Phe effects of moderate subcutaneous doses of benzene and of carbon tetrachloride admin- 
istered over a period of nine days have been investigated with respect to changes in the concen- 
tration and total content of thiamine, riboflavin, niacin, vitamin A, fat, and total nitrogen in the 
livers of rats 

Carbon tetrachloride caused a marked increase in liver weight and liver fat. On the other 
hand, there was a significant decrease in the concentration of the vitamins and nitrogen per 
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gram of liver. Benzene treatment had no significant effect on the concentration of vitamins, 


but was associated with a slight decrease in mtrogen concentration and some increase in liver 
weight. 

Because of the increased weight of the livers in the CCl-treated rats, the total amounts of 
the water-soluble vitamins in the livers of this group were about the same as in the livers of the 
control and benzene-treated rats. Total vitamin A was greater in the treated groups than in 
the controls, but the increases were not proportional to change in total liver tat 

Histologically, the changes in nutrient concentration in the livers of CCl-treated rats were 
associated with marked fatty infiltration and necrosis of the central half of the liver lobule. O1 
the benzene-treated rats whose livers were studied. there were no obvious changes in the major- 
ity, while some showed slight fatty infiltration about the central veins 


Autuors’ SUMMARY. 


Stupy or Conpitions Unper Meruanot May Exert a Toxt HAZARD IN 
Ixpustry. G. Lear and L. J. Zatman, Brit. J. Indust Med. 9:19-31 (Jan.) 1952. 


Absorption and elimination of methanol were studied on human subjects The general arm 
of the work was to determine the maximum concentration of methanol vapor which could be 
breathed for eight hours and still allow complete elimination « 
subsequent 16 hours. 


i absorbed methanol during the 


The concentration of methanol in the body was followed by determination of the concentration 
in urine. The ratio of urine concentration to blood concentration was 1.29 for cats and 1.30 tor 
man. This ratio remains constant with varying doses of methanol. 

The rate of elimination of doses of 2.5 to 7.0 ml methanol in five human subjects was propor- 
tional to the concentration of methanol in the body at that time. Only about 2% of the ingested 
methanol was eliminated by the kidneys and the lungs 

Over short periods the absorption ot methanol vapor appeared to be approximately propor- 
tional to the duration of exposure and the concentration in the atmosphere. The maximum 
allowable concentration suggested is 300 ppm. 

If ethanol was ingested together with or shortly after methanol, the rate of elimination of the 
latter was reduced by 90%. This is due to inhibition of the metabolic oxidation of methanol, This 


effect may have therapeutic uses to reduce the formation of toxic oxidation products 
B. H. Amour, Boston. 
A CurnicaL REPORT OF Eicur Cases or Metuyt Bromipe PorsoNninG 
J. H. Prats and G. Harvey SMITH, Brit. J. Indust. Med. 9:44 (Jan.) 1952 


Phe results of inhalation of methyl bromide are described in an incident in which eight boys 
were exposed to the vapor, six of whom died. The main clinical features and postmortem find- 


ings are given, with a note on the survivors two years alter the accident. 


Autuors’ SUMMARY. 


< 


Porsoninc FROM CLEANING O1L-Firep Borers. N. Brit. J. Indust. Med. 
9:50-55 (Jan.) 1952. 

The author describes symptoms of men cleaning oil fired boilers and gives evidence that 

vanadium was the causative agent. The vanadium content of crude oil ash varies from 45% in 

Venezuelan oils to none in Pennsylvania oils. An oil ot 0.1% ast 


would give 1 Ib. (0.45 kg.) of V2Os for each 11 tons of oil burned 


1 containing 400 vanadium 


Phe symptoms usually occurred within an hour after the work was started but were some- 
times delayed 12 hours. Rhinorrhea, sneezing, watering of the eves, and soreness of throat and 
behind the sternum were observed. After 6 to 24 hours secondary symptoms of dry cough, 
severe dyspnea, lassitude, and depression c mmenced. A greenish-black coating developed on the 
tongue. 

Determinations of vanadium were made on the urine of eight workers. In the urine of one 


man 0.4 and 0.07 mg. of vanadium per liter was found. This man showed the most severe clinical 


symptoms. Traces were found in two other cases but not in the remaining five. 
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The vanadium content of the air in the boiler during cleaning was 17 to 59 mg. per cubic 
meter. The particle size was predominantly 1 » or below 


Methods of cleaning oil-fired burners should be reviewed, and men doing such work should 


be medically supervised 


B. H. Amour, Boston. 


Tue EXPERIMENTAL PropucTION OF RADIOGRAPHIC SHADOWS BY THE INHALATION OF 
InpustkiAL Dusts: Hl. Zircon(ZrSiO,). H. E. Harpinc and T. A. Lroyp DAVIEs, 
Brit. J. Indust. Med. 9:70-73 (Jan.) 1952. 


Previous experiments in which rats were exposed for three months to concentrations of zir- 
con dust of 7,000 to 25,000 particles per cubic centimeter of air failed to demonstrate the pres- 
ence of zircon in the lungs. For the experiments reported in this paper the concentrations were 
raised to 37,000 to 130,000 particles per cubic centimeter of air. Of these particles, 80% were 
below 1 # and 30% were below 0.2 #. Rats were exposed six hours a day five days a week 
tor 144 days, then 8! hours a day five days a week for 20 days 

Dense radiological shadows were produced by aggregates of phagocytes containing zircon. 
Phagocytosis and slight small cell accumulation were the only reactions to the zircon present in 
the lung 


Since zircon is less toxic than silica, it could provide a desirable substitute for the latter. 


B. H. Amour, Boston. 


Eye CHances Exposure to Mercury. S. Locket and I. A. Nazroo, 
Lancet 2:528 (March 15) 1952. 


During an investigation regarding the incidence of metallic mercury poisoning among 161 
repairers of direct-current electric meters, 51 were selected at random to have their eyes exam- 
ined for vision and muscle balance, and examinations by loupe and slit lamp were made. Visual 
fields were caretully plotted by perimetry, and the retina examined with the ophthalmoscope. 

Iwo ot the 51 patients, whose ages were not ascertained, are omitted from the group ana- 
lyzed here. The ages of the remaining 49 ranged from 20 to 60 years. 

In no case was there any evidence of retrobulbar neuritis, and visual fields were in all cases 
within normal limits. Fundal changes were minimal; they were arteriosclerotic when present, 
and occurred only in those aged 40 to 60, being no more frequent than in any comparable 
group of adults of this age. Diplopia was not complained of, and in no case was nystagmus or 
evidence of muscle imbalance found. In 29 cases obvious changes were present in the lens, the 
cornea, and the ihmbus. A brown reflex from the anterior lens capsule was observed in 12 of 
the 49 cases. This reflex was bilateral and symmetrical in all cases and varied in intensity 
from light brown to coffee brown. It seemed to depend mainly on length of exposure and was 
not related to symptoms of mercury intoxication at the time of examination. It had no effect 
on visual acuity 

It is suggested that this colored reflex from the lens could be used as a screening device for 
atmospheric mercury levels. Routine annual inspection of the lens would give warning of 
excessive levels and might call for air-level studies and precautionary measures against mercury 
intoxication 

len of the 49 patients had fine punctate opacities in the lens. These occurred at all depths 
but usually were most evident in the anterior cortex of the lens. They were always bilateral. 

\s regards the limbus changes, seen in 23 patients, the authors say that they were charac- 
terized by vascularity at the corneoscleral junction which often gave the appearance of empty 
vessels, the effect being that the aqueous vessels were brought into prominence. 

These three types of changes—a brown reflex from the anterior lens capsule, punctate 
opacities ot the lens, and vascularity at the corneoscleral junction—occurred either alone or in 
combinatior 


IMPROVEMENT OF PROCEDURES FoR Extraction or Dust. G. PrEFFERKORN, Arch. Hyg. u. Bakt. 
135:743, 1951. 


In this work the author studied the isolation and separation of different fractions of pulmonary 
dusts. This can be 


done by various methods, but none of them gives complete removal of all 
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traces of mineral salts contained in pulmonary tissue; besides, ignition destroys all the orgamic 
residue. For this reason the methods needed improvement. 

By alternating alcohol-ether extraction with hydrogen peroxide treatment it is possible to 
isolate the mineral dusts from pulmonary tissue. The organic solvents remove the lipid fractions 
which still remain. The dust can be separated into pure fractions of different densities by 
centrifugation in capillary tubes and exposing these fractions to ultrasonic waves. All the 
treatment was carried out under microscopic control 


After treatment, however, silica and kaolin have a much diminished density. The systematic 
examination of sources of error led to the conclusion that a fine organic layer of a low specific 
gravity surrounded the particles of dust. Boiling in an ammonia solution permitted the partial 
removal of this layer without dissolving the silicic acid out of the particles 


E. GRANDIEAN, Zurich, Switzerland 


A Toxic ConpeNsation Propuct oF SuLFAMIDE AND G. and 
H. Henecka, Angew. Chem. 61:365-366, 1949. 


A very toxic spasm-producing compound, which caused many severe accidents in a chemical 
plant before being investigated, was studied. In contrast to the high polymers obtained by 
condensation of sulfamide with urea, the constitution of the poisonous substance proved to be 


(CoH,O2N,S).; a tetramethylene disulfotetramine structure is suggested. 


Biot. 


Hyarentc Evatuation or ALKYL Preparep FROM Ketene. S. L. DANISHEVSKI, 

Gigiena 1 Sanit., No. 7:21-26, 1951. 

Experiments with EtOAc, iso-PrOAc, sece-BuOAc, and BuOAc prepared from CH»CO 
indicate that the commercial products may contain diketene, which increases their irritating 
and toxic properties. Generally the diketene level should be below 0.05%. With white mice pure 
EtAc gave a narcotic level of 60 mg. per liter, while that from ketene gave a 40 mg./1. level; 
lethal levels are 80. and 50, respectively. Similar differences were observed for the other 


ecimens 
G. M. Koso_avorr [Cuem. Anst. |]. 


Environmental Conditions 


Merpicat RESEARCH AND CONTROL IN AtR Pottution. G. P. Laksox, Am. J. Pub. Health 
42:549 (May) 1952. 


The author, who is Director of the Los Angeles County Air Pollution Control District, 
describes the measures which have been taken by industry in that area, at a cost of about 
$7,500,000, to control atmospheric pollution at its source. ‘The common visible sources of pollution 
can be effectively controlled, but sulfur dioxide is still a problem, as is smoke caused by the 
incineration of waste materials. The oxides of nitrogen found in these combustion gases aid 
the oxidation of unsaturated hydrocarbons in the air The products of this reaction in the 
presence of sunlight have been shown to cause damage to plants similar to typical “smog” 
damage. Concentrations of a number of polluting substances have decreased, average visibility 
conditions have been improved; smog is somewhat less frequent. The control program seems 
to have been productive of greater good than the medical research, though this should be 
continued with more widespread support. A brief description of a number of methods of measure 
ment of atmospheric pollution is given, together with the relevant results 


Peter C, G. Isaac, Newcastle upon Tyne, England. 


THe Noise Prosprem INpustry. Herbert T. Watwortn, Indust. Hyg. Quart., 13:17 
(March) 1952. 
Excessive noise exposures which have caused loss of hearing among certain workers present 
a difficult problem to the industrial hygienist. In 


general discussion the author points out 
those factors which complicate the evaluation of the noise hazard and suggests methods of noise 
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ndustrial exposure may occasionally be the sole cause of impaired hearing, 
1 


de environment, normal degenerative processess, and many illnesses are frequently 


tril g factor Individual susceptibility is more significant in this than in other industrial 

ealth exposures. Notse surveys should include not only over-all sound intensity measurements 

ut a i breakdown into frequency ranges and respective amplitudes. Suggested control 

easures include noise elimination at its source, isolation of noisy operations, and the use of ear 

R. DeNnNts, Boston. 
M oF GICAL MONOGRAPH, AMERICAN METEOROLOGICAL Society (Groups oF Contri- 
Meteorol, Monographs 1 (Nov.) 1951 

n graph includes a number of useful papers with regard to meteorological aspects 

ur-pollution work. Most of the papers deal with micrometeorological aspects of the problem, 
thoug he paper covers instrumentation tor air-pollution measurement. 

The papers presented by the Brookhaven and New York University groups are very good 

deal wath studies made in distribution of oif togs and in wind-tunnel evaluations. There 

ire several other papers, covering forecasting and wind-velocity effects, which will be useful 


trial hygienists concerned with air-pollution work 


Phe collection of papers represents a valuable contribution to the fieid of micrometeorology 


of all those concerned with air-pollution problems 


LESLIE SILVERMAN, Boston. 


Medicine and Surgery 


ROSS-FINGER N THE TREATMENT OF INJURIES TO THE FINGER Tire. M. N. Tempest, 
Plast. & Reconstruct. Surg. 9:205 (March) 1952. 
In injuries involving loss of skin over the finger tips, the possibility of resurfacing the defect 


ith tre skins rarely considered, although many of these injuries are clean wounds, eminently 


utable tor immediate skin gratting. Often the wound is merely covered with a simple dressing 

1 all | heal slowly by granulation, although good skin cover is essential in order to 
void chronic infection and painful finger stumps. 

erticial loss of skin over the pulp should generally be treated by free split-skin grafts; 


owever, there 


is great loss of substance of the pulp, and in all cases in which bone is exposed, 
ickness replacement is preterable. Local hand skin should be used wherever possible. 
heeause even that on the dorsa of the fingers is of a much stronger texture than that found in 
the usual donor sites, such as the arm, the abdomen, and the thigh 

Fempest describes his method of repairing finger tip injuries by means of the cross-finger 
Hap. [tas suitable tor all those finger-tip injuries in which bone has been exposed, whether it 


guillotine amputation, or an oblique wound opening up the distal interphalangeal 


ports based on 24 cases in which the cross-finger flap proved useful in the repair of 


injurie t finger tips. A briet outline is given of its applications in the repair of other lesions 
Determination of Air-Borne Contaminants 
DiteRMINATION OF CHLORINATED Hyprocarnon Vapors 1x Arr. F. Urone 


and Mary LL. Druscuer, Anal. Chem. 24:626 (April) 1952 


xicity of chlorinated hydrocarbon vapors in air, their analysis is of impor- 


tance. Intrared spectroscopy has a number of advantages in the analysis of compounds of this 


typ vet tew publications have appeared \ method has been developed whereby the air is 
impled with a | scrubbing solvent, and qualitative and quantitative determinations of single 
or multiple « nent vapor-air mixtures are made with an infrared spectrophotometer using a 


1.0-mm. cell. A chart of the prince ipal peaks ot the spectra ot 15 chlorinated hydrocarbons is pre- 
sented, and methods of 1 


neasuring recorded spectra and preparing standard curves are described. 


Recoveries averaged 97°, with an average deviation of 6%. As little as 0.64 mg. of chlorinated 


‘ 
x f 
ind should be in the hands 
3 
| 
| 


ABSTRACTS FROM CURRENT LITERATURI 193 


hydrocarbon per milhliter of sampling solution can be analyzed. By using the proper solvent, 


the method may be adapted for the determination of the vapors of other organic compounds. 


AUTHORS’ SUMMARY. 


DETERMINATION OF GASEOUS AIR POLLUTION RY CARBON ADSORPTION Amos TURK, 


Henry Sieik, and Puitie J. Messer, Indust. Hyg. Quart. 13:23 (March) 1952 


The authors describe a sampling device and analytical techniques adaptable to the determi 
nation of gaseous atmospheric contaminants. Two activated carbon canisters are connected in 
parallel to a motor-driven blower which provides a sampling rate of 40 cu. ft. per min. and a 
linear velocity of 25 ft. per min. through the carbon bed. Canisters may be operated simulta- 
neously or singly according to test requirements. Total adsorption is obtained by passing super- 
heated steam through an aliquot of the sampling media, until the condensate is substantially clear 
and odorless. Moisture content 1s determined on a separate aliquot by steam distillation with dry 
xylene \ disadvantage of the analytical method is the time interval for removing quantitatively 
adsorbed contaminants. Special precautions are also required to prevent hydrolysis of some 
esters. However, the relatively large volume of samples collected affords convenient amounts 


for qualitative determinations of trace pollutants 
| t 1 é i | R. DENNIS, Boston 


DETERMINATION OF THE ‘EXTINCTION COEFFICIENT’-PARTICLE S1zZE RELATIONSHIP FOR 
SPHERICAL Boptes. H. E. Rose, J. Appl. Chem. 2:80 (Feb.) 1952 


Efforts have been made to eliminate errors associated with the experimental determination 
of the extinction coefticient-particle size relationship. The experimentally determined curve 
appears to be in good agreement with the limited theoretical results available. For any given 
particle diameter an increasing cone angle is associated with a decreasing value of extinction 
coefficient, the deviation being greater at smaller particle sizes. Best results were obtained with 
an apparatus in which the photosensitive receiver subtends a cone angle of 1, degree at the 
center of the suspension. 


M. First, Boston. 


Tue DETERMINATION OF SMALL AMOUNTS OF TETRANITROMETHANE IN Air. V. B. Vouk 
and O. A. Weser, Brit. J. Indust. Med. 9:32-38 (Jan.) 1952 


A method is given which is based on that of Sievers and associates (Pub. Health Rep 
62:1048, 1947) which employs the color formed by the reaction of tetranitromethane with 
benzidine in ethanol. 

\t concentrations of tetranitromethane not exceeding 25 ppm and a sampling rate of 0.5 
liter per minute, 98% of the total is retained in a midget impinger filled with 10 ml. of ethanol. 
For all practial purposes two such impingers are a good trap for such vapors 

For maximum sensitivity the reaction mixture should be protected from light. The tetra- 
nitromethane solution should also be kept in the dark if analysis cannot be done at once. The 
optimum concentration of benzidine was found to be 0.2 gm. per liter. The Beckman spectro- 
photometer was the most suitable instrument. Nitrobenzene, toluene, paranitrotoluene, xylene, 
benzene, sodium nitrite, and nitric acid in molar concentrations 50 times greater than tetra- 


Ntrom lz oO nee lor itens 
nitromethane did not influence the color intensity. 


MICROMETHODS FOR DETERMINING HARMFUL SUBSTANCES IN THE ATMOSPHERE. N. G. 


PoLezuary, V. V. Girina, and T. FE. Laktrionova, Gigiena i Sanit., 1951, no. & pp. 15-20. 


Micro-determinations are outlined for determinations of Cl (by absorption in alkali, treatment 
with NaeSOs, oxidation of sulfite excess by H.O., and nephelometric determination of Cl as 
AgCl), (colorimetrically as after absorption in Na arsenite solution), SOs (by 
absorption in KCIO, and determination of SO as BaSQO, nephelometrically), Pb (nephelo- 


metrically as chromate), and Hg (nephelometrically as CulHgl.) 


G. M. Kosoraporr [CHem. Apst.] 


J 
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Portarre Untramn ROSCOPE (SLIT) FOR DETERMINATION OF CONCENTRATION OF Svus- 
MICROSCOPIC PARTICLES IN THE ATMOSPHERE OF INDt STRIAL ESTABLISHMENTs. FE. S. 
Beikin and A. I. Koss NKO, Gigiena i Sanit., 1951, no. & pp. 50-51 


The authors describe a portable ultramicroscope with enclosed light system and specimen cell 
for examination of air specimens for dust concentration by drawing the air past the objective 
cell, with provisions for immediate stoppage of flow for counting proper. 


G. M. Koso.aporr [Cuem. Agst.]. 


Ventilating, Air Conditioning, and Engineering Control 


Larct-Scate Fivrratiox AND PURIFICATION OF AIR SUPPLIES (WITH SPECIAL REFERENCE 
10 THE ELeCTROSTATIC PRECIPITATOR). D. L. Munpen, J. Appl. Chem 2:65 (Feb.) 1952. 


On the basis of tests with high and low dust loadings, collectors are rated in descending order 
of effic leney as follows Cottrell precipitator, two 2 stage, low-voltage precipitators in series, 
cloth filter, glass fiber filter, and viscous filter. The reported efficiency of fabric filters (60 to 
4eCo by weight) appears low and probably refers to new, unplugged cloth and low dust loadings, 
le. <1 grain per 1,000 cy It. Tests to rate these collectors on the basis of bacteria-removing 
properties are in progress 


M. W. First, Boston 


IRRADIATION OF AiR St PPLIED (WITH SPECIAL REFERENCE TO 
INTENSITY MEASUREMENTS) H. J Appl. Chem. 2:68 (Feb.) 1952 


Complete sterilization of air supplies by ultraviolet irradiation is more expensive than other 
methods, i. ¢., passing air through water sprays containing chlorine. However, ultraviolet 
radiation may prove suitable Where a reduction in bacterial content is all that is required 

Germicidal lamps are low Pressure mercury-vapor discharge tubes with special ultraviolet- 
ray-transmutting glass, and 95% of the radiatic Nn is in the region of 2,537A wave length 

-nergy-measuring equipment and methods are described briefly, and a circuit diagram of a 
portable, direct-reading ultraviolet ray meter is included. 

\ir sterilization by ultraviolet irradiation is affected by humidity, exposure time, radiation 
intensity, and the resistance of the organisms Experimental results for organisms sprayed into 


an air stream trom broth cultures are given abular for 
ina n I th cultures are given in tabular f rm M. W. First, Boston. 


REFRIGERATION oF Deere Coat Mixes IN Betcium. Axpré Hourerecuts, Revie des Questions 
Screntifiques Series 5, 195]. 


In Belgium the acceptable temperature limit for daily work in the heat is placed at 31 C. 
and is computed by weighing the wet bulb temperature by 0.9 and the dry bulb temperature by 
0.9 wet bulb t. + 0.1 dry bulb t. = 31 €. 

Phis allows a safety margin of 3 C. from the maximum limit of 34 C. at which body heat 
balance can be maintained 

In most of the Belgian mines it is possible to achieve a wet dry temperature of 31 C. by 
conventional ventilation, if the depth is not. too great. With depths exceeding 1.000 meters, 
resort must be made to mechanical refrigeration, especially if the mine is wet. 

Phe author describes in. ce nsiderable detail the first successful application of mechanical 
relrigeration in the coal mine of Liegeois in the Campine Valley at Zwartberg 


C. P. Yactovu, Boston. 


Radioactive Substances and X-Ray 


RECOMMENDED SAFE Prac MCE FOR Rapium Dia PLants. Division of Industrial Hygiene 
and Safety Standards, New York Department of Labor Month. Rev., New York State 
Dept Labor 31:5 (Feb.-March) 1952. 


Phe minimum requirements tor the safe handling of radioactive luminous paints are outlined. 
Items covered includ: physical facilities, operating procedures, inspection, and medical and safety 
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programs. The recommendations generally conform to the requirements listed in the National 
Bureau of Standards Handbook H27 entitled “Safe Handling of Radioactive Luminous Com- 


pounds,” and contain considerably more details and specifications regarding protective measures. 


A. 


Rossano, Boston. 


InpUSTRIAL RapIaTion Hazarps IN New York State. May R. Mayes, Month. Rev., New 
York State Dept. of Labor 34:11 (Feb.-March) 1952. 


This article briefly reviews the sources of radiation in the industries of New York State. 
It cites examples of hazards from using x-ray equipment and fluoroscopes for the inspection of 
spark plugs and plastic mouldings and shoe fitting in retail stores and from using radioactive 
materials in the elimination of static electricity in the printing and publishing industry and vari- 


ous other establishments. a T. Rossanxo, Boston 


Rapiation Hazarps oF Atomic Enercy. Marcus Ovipnant, M. J. Australia 1:277-280 
(March 1) 1952. 


Over half of this article is devoted to a nontechnical discussion of such broad physical con- 
cepts as the structure of the atom, nuclear transformations, fusion process, and chain process. 
The remainder of the article broadly deals with the radiation hazards from the operation of 


nuclear reactions, particle accelerators, and atomic and radiological wartare 


\. T. Rossano, Boston. 


Symposium ON Atomic Enercy. Tr. A. Indian M. Officers (British) 2:No. 4 (Jan.) 1952. 


1. “Occupational Injuries from Radiation Exposures” by E. K. Williams, page 182. This 
represents a historical review of occupational radiation injuries, citing cases occurring mostly 
in the United States. 

2. “The Effect of Ionizing Radiations,” by J. F: Lovit, page 185. Briefly outlined are some 
of the theories explaining the action of radiation on tissue and the general biological implications. 


3. “Radiation Protection from the Physical Aspect.” by J. C. C. Stewart, page 188. This 


paper discusses engineering principles of control of health risks in atomic energy plants at both 
the design and the operational levels. 
4. “Medical Contribution to Radiation Protection,” by E. F. Edsen, page 190. The article 


discusses in considerable detail the three principle duties of the industrial physician, namely, 


the offering of general medical advice, the performance of personal medical services, and the 
supervising of medical documentation. Table 1 on maximum permissible exposures to external 
radiation is based on the old value of 0.5 roentgen per week instead of the current value of 


300 milliroentgens per week. Likewise, values in Table 2 of maximum permissible exposures 


to radioactive atmospheric contaminations are not in accordance with recommendations of the 


International Commission on Radiological Protection, 1950. Incidentally, through an apparent 


typographical error, the headings for the last three columns of Table 2 are transposed. 


A. T. Rossano, Boston. 


RoeENTGEN HyGiene. (In Norwegian, with Finnish summary.) R. Sternert, Nord. med. 


31:1165, 1951. 


The results of this investigation were read at the VIth International Congress of Radi- 
ology, London, 1950, in a paper entitled “The Protective Power of Roentgen Gloves.” Con- 
denser chambers were placed inside roentgen gloves with a lead equivalent of 0.2-0.5. Also the 
doses received by unprotected hands were measured. 

Unprotected hands got the daily tolerance dose during 30 minutes’ screening. 
Gloves with 0.28 lead equivalent gave good protection. 


ARNE BruusGaarp, Oslo, Norway. 


23 
‘ 
i 
- 
{ 


1O¢ INDUSTRIAL HYGIENE AND OCCUPA {iL MEDICINE 


PLANT Ma RADIOGRAPHIC Surveys IN Osto- (In Norwegian.) Tidsskr. 


norske lagetor. §:137, 1951 


\bout 150,000 examinations were carried out in the period from 1940 to 1949, 

\bout 80% of the workers examined were tuberculin positive. An increasing percentage of 
the tuberculin-negative ones were BCG-vaccinated, the figure being above 80% in the last year. 
The incidence of new cases of tuberculosis declined from 2.3% to 0.2%. 

\hove 95% of the workers in the plants were examined. This compares favorably with the 
figure for the Oslo population as a whole, of which only 70% turned up for reexamination. 


SicgNeé ARNE BRUUSGAARD, Oslo, Norway. 


Accidents and Their Prevention; Protective Equipment 


An ApPLiaNCE FOR THE PREVENTION OF MERCURY POISONING. FRANZ Stocker, Brit. J. 
Indust. Med. 8:271 (Oct.) 195] 


This paper describes an appliance for collecting spilled mercury, used for many years by a 
firm of Viennese manufacturers of wireless transmitters, electrical and measuring equipment, 
and similar apparatus, Even with great care some mercury spillage is bound to occur. The 


safety device consists of a basin of water set in the floor beneath the work space. Any spilled 
mercury falls through an iron grill work into the water. The water is drained off through a 


bottom outlet, and the mercury is easily recovered. A full diagram of the apparatus is given. 


B. H. Amber, Boston. 
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News and Comment 


SEVENTH SARANAC SYMPOSIUM 


The Seventh Saranac Symposium sponsored by the Saranac Laboratory and the Trudeau 
l-oundation will be held at Saranac Lake, N. Y., Sept. 22 to 26, 1952. As with previous symposia, 
the general theme will concern various aspects of the effect of inhaled substances upon the lungs 
of industrial workers. The specific topics to be discussed include definitions and terminology ; 
a review of silicosis, asbestosis, and pulmonary granulomatosis in beryllium workers; pneumo- 
conmlosis in coal miners and in certain other dusty occupations; experimental studies concerning 
ultramicroscopic dusts; inhaled industrial contaminants and pulmonary cancer; pulmonary func 
tion studies in pneumoconioses ; pulmonary disability; cardiocirculatory aspects of pneumoconi- 
osis; legal concepts of disability, and workmen's compensation. Accommodations are limited, so 
those planning to attend should write promptly to the Saranac Laboratory, Box 551, Saranac 


Lake, N. Y. 
PERSONNEL AVAILABLE 


Phe Personnel Placement Committee of the American Industrial Hygiene Association 


applicants tor a 


has 
1 the various phases of industrial hygiene and toxicology. For additional 
intormation on either positions or applicants, address Frederick S. Mallette, Chairman Personnel 
Placement Committee, 3570 Lynnfield Road, Shaker Heights 22, Ohio. 


POSITIONS AVAILABLE 


Industrial hygiene engineer (public health engineer I, or Il, if well experienced). Salary 
range $336-$410 fer I, $426-$513 for II, location tar West. 

Biochemist for toxicological research, western Pennsylvania. Ph.D. or M.S 
with or without experience. 


in chemistry 


Endustrial hygienist, chemical company, New York ’ 

Industrial hygiene assistant, preferably chemical engineering education with experience in 
petroleum or chemical industry tor work in guided missile liquid and solid fuels. Salary $7000, 
Location Alabama. 

Industrial hygienist and toxicologist for coated abrasive industry. Some organic chemistry 
necessary. Location Minnesota. Salary open 

Industrial hygiene chemist, at least one year’s experience for petroleum industry. Salary 
commensurate with training and experience. Location New Jersey 

Two industrial health engineers for university in tar West. Salary $481-$584 plus retire- 
ment program 


APPLICATIONS FOR GRANTS IN CANCER RESEARCH 


The Committee on Growth of the National Research Council, acting for the American 
Cancer Society, Inc., is accepting applications for grants in support of cancer research. Appli- 
cations for new grants received before Oct. 1, 1952, will be considered during the winter, and 
grants recommended at that time will become effective July 1, 1953. Investigators now receiving 
support will be notified individually regarding application for renewal of these grants 

The Committee feels that a clear understanding of cancer must rest upon a deeper insight 
into the nature of the growth process, normal and malignarit. Therefore, the scope of the research 
program is very broad and includes, in addition to clinical investigations on cancer, funda 
mental studies in the fields of cellular physiology, morphogenesis, genetics, virology, biochem- 
istry, metabolism, nutrition, cytochemistry, physics, radiobiology, chemotherapy, endocrinology, 
and environmental cancer. 

During the past year the American Cancer Society, Inc., on recommendation of the Com- 
mittee on Growth, has awarded approximately 250 grants totaling about $1,700,000 in value. A 
program of similar magnitude is contemplated for the coming year. 

Application blanks and additional information may be obtained from the Executive Secretary, 
Committee on Growth, National Research Council, 2101 Constitution Ave., Washington 25, D. C. 


197 


= 


198 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


FIFTH ANNUAL GULF COAST REGIONAL CONFERENCE ON INDUSTRIAL HEALTH 


The Fifth Annual Gulf Coast Regional Conference on Industrial Health will be held in 
Houston, Texas, Sept. 24 to 27. The transportation industry will be its principal theme. The 
opening evening session will be devoted to a symposium on Alcoholism as a Problem in 
Industry. The program for Sept. 27 will consist of topics relating to industrial nursing. Con- 
current sessions on industrial wastes will again be held. Final programs for the meeting may 
be requested from the Texas State Department of Health, in Austin, or from the Houston 


Chamber of Commerce 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, July, 1952 


What is being accomplished through State Industrial Health Conferences? “Let's look at 
the record During this past spring three State Medical Societies joined with other state 
organizations and agencies interested in community health as co-sponsors of industrial health 
conferences. The Second Loutsville Area Industrial Health Conference, an evening dinner 
mecting, was held at Louisville, Ky., the latter part of March. Since 1942 the Wisconsin 
Industrial Health Clinics have proved to be an effective medium through which physicians, 
industrial nurses, and management meet together to discuss problems of common interest. From 
March through May,.clinics were held this year at Milwaukee, Kau Claire, and Kenosha. The 
Third Annual Michigan Industrial Health Day took place during the early part of May at 
Flint. Each of these meetings showed a healthy growth in attendance over last year, with 
physicians, nurses, and members of management experiencing the group approach to the discus- 
ston of problems of mutual interest. 

On several occasions during recent years organized labor has been invited to join in these 
conferences on both national and state levels but the results have indicated labor’s reluctance 
to enter into these group health conferences. Their wholehearted participation is needed, and 
it is hoped that soon a way will be found to allay their apparent wariness. 

Through these conferences physicians are becoming oriented to the significance of under- 
standing working conditions and relationships as they relate to their individual patients. They 
also discover that the in-plant industrial medical department's health maintenance program 
affords them a unique opportunity to participate in the preventive practice of medicine and 
rehabilitation. Most important of all, the physician in private practice becomes aware of the 
practical implications that are inherent in our current social and economic trends. <A_ better 
common understanding of these issues by labor, management, and medicine will unite us in 


purpose in adjusting to our evolving culture through self-initiated planning rather than by 


governmental regulation 


I 


So distinct is the difference between Puitir Morris 
and any other leading brand, that we believe you 
will notice it with a single puff. Won't you try this 
simple test, Doctor, and see? 


Take a PHILIP MORRIS and any other cigarette 
1. Light up either one first. Take a puff —get a good mouthful 


of smoke—and_ s-l-o-w-l-y let the smoke come directly 
through your nose. 


2. Now, do exactly the same thing with the other cigarette. 


You will notice a distinct difference between PuitiP MoRRIS and any other leading brand. 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc., 100 Park Avenue, New York 17, N. Y. 
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HYDROCHLORIDE 


« reduces nasal engorgement .. . 


« promotes aeretion ... encourages drainage 


A few drops of Neo-Synephrine 0.25% in each nostril will promptly 
check mucosal engorgement and hypersecretion, promoting greater 


Supplied in 0.25% solution breathing comfort over a period of several hours. 

The resultant relief to the hay fever sufferer is decidedly 

gratifying. Prolonged action of Neo-Synephrine makes fewer 

16 02.; 0.5% solution, bottles of applications necessary, consequently longer periods of rest and 

1 or.; 1% solution, bottles of sleep are possible. 

Neo-Synephrine does not lose its effectiveness on repeated application 
Va 02.; 0.9% water soluble jelly and may, therefore, be relied upon to give relief throughout the 
hay fever season. 

— Neo-Synephrine is practically free from sting and compensatory 
1. Van Alyea, O. E., and Don- 

Alem congestion; does not appreciably inhibit ciliary activity. 


49:234, Feb., 1949. Neo-Synephrine has been found relatively free from systemic 


side effects such as nervous excitation, cardiac reaction 
or insomnia even when tested on hypertensive, 
cardiac and hyperthyroid patients." 


VU 


NEW YORK I8, N. Y. WINDSOR, ONT. 


Neo-Synephrine, trademark reg. U.S. & Canada, brand of phenylephrine. 
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